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Air Quality Modeling

Introduction

6HFWLRQ# ;45# RI# WKH# 4<<3# &OHDQ# $LU# $FW
$PHQGPHQWV# +&$$$,# UHTXLUHV# WKH# 8161# (QYLURQ0
PHQWDO#3URWHFWLRQ#$JHQF\#+(3$,#WR#SHUIRUP#SHULRGLF/
FRPSUHKHQVLYH/#SURVSHFWLYH#DQDO\VHV#RI#WKH#FRVWV#DQG
EHQHILWV# DVVRFLDWHG# ZLWK# SURJUDPV# LPSOHPHQWHG
SXUVXDQW#WR#WKH#&OHDQ#$LU#$FW#+&$$,1##6XFK#DQDO\VLV
UHTXLUHV#WKH#HVWLPDWLRQ#RI#IXWXUH0\HDU#HPLVVLRQV#OHYHOV
DQG#DVVRFLDWHG#DLU0TXDOLW\0UHODWHG#YDOXHV#IRU#VFHQDULRV
UHIOHFWLQJ#FRPSOLDQFH#ZLWK# WKH#&$$/#DV#ZHOO#DV# IRU
VFHQDULRV#IRU#ZKLFK#WKH#HIIHFWV#RI#SURJUDPV#DVVRFLDWHG
ZLWK#WKH#&$$#DUH#QRW#DFFRXQWHG#IRU#LQ#HVWDEOLVKLQJ#WKH
IXWXUH0\HDU#HVWLPDWHV1# # #7KLV#UHSRUW#VXPPDUL]HV# WKH
UHVXOWV#RI#DQ#DLU#TXDOLW\#PRGHOLQJ#DQG#DQDO\VLV#VWXG\
GHVLJQHG# WR# HVWLPDWH# WKH# HIIHFWV# RI# WKH#&$$$# RQ
IXWXUH#DLU#TXDOLW\1##7KH#6HFWLRQ#;45#SURVSHFWLYH#VWXG\
LQFOXGHV# DQDO\VLV# RI# IROORZLQJ# FULWHULD# SROOXWDQWV=
R]RQH/#SDUWLFXODWH#PDWWHU#+30,/#VXOIXU#GLR[LGH#+62 ,/5
QLWURJHQ# R[LGH# +12,/# QLWURJHQ# GLR[LGH# +12 ,/# DQG5
FDUERQ#PRQR[LGH# +&2,1# # )XWXUH0\HDU# HVWLPDWHV# RI
WKHVH#DWPRVSKHULF#FRQVWLWXHQWV#ZHUH#REWDLQHG#WKURXJK
WKH# DSSOLFDWLRQ# RI# DLU# TXDOLW\# PRGHOLQJ# WRROV# DQG
WHFKQLTXHV/#DV#GHVFULEHG#LQ#WKLV#UHSRUW1

$Q#LQWHJUDO#FRPSRQHQW#RI#WKH#PRGHOLQJ#DQDO\VLV
ZDV# WKH# HVWLPDWLRQ# RI# IXWXUH0\HDU# HPLVVLRQ# OHYHOV
DVVRFLDWHG#ZLWK# WKH# WZR#&$$$# VFHQDULRV# DQG# WZR
IXWXUH#\HDUV1##6FHQDULRV#WKDW#LQFRUSRUDWH#WKH#HPLVVLRQ
UHGXFWLRQV#DVVRFLDWHG#ZLWK#&$$$#DUH#UHIHUUHG#WR#DV
3RVW0&$$$#ZKLOH#WKRVH#WKDW#LQFRUSRUDWH#JURZWK#EXW
UHIOHFW#4<<3#UHJXODWLRQV#DUH#UHIHUUHG#WR#DV#3UH0&$$$1
7KH# WZR# IXWXUH#\HDUV#FRQVLGHUHG# LQ# WKH#DQDO\VLV#DUH
5333# DQG# 53431# #7KH# HPLVVLRQV# HVWLPDWHV# +3HFKDQ/
4<<;,#SURYLGH#WKH#EDVLV#IRU#WKH#HVWLPDWLRQ#RI#R]RQH/
30/# DQG# RWKHU# FULWHULD# SROOXWDQW# FRQFHQWUDWLRQV
DVVRFLDWHG#ZLWK#HDFK#VFHQDULR#DQG#IXWXUH#\HDU1

)XWXUH0\HDU# HVWLPDWHV# RI# R]RQH# FRQFHQWUDWLRQV
ZHUH#REWDLQHG#WKURXJK#WKH#FRPELQHG#DSSOLFDWLRQ#RI
WKH#8UEDQ#$LUVKHG#0RGHO# +8$0,#DQG# WKH#YDULDEOH0

JULG#8$0#+8$009,/#\LHOGLQJ#XUEDQ0#DQG2RU#UHJLRQDO0
VFDOH# HVWLPDWHV# RI# R]RQH# FRQFHQWUDWLRQV# IRU# HDFK
VFHQDULR# DQG# IXWXUH# \HDU# IRU# WKH# HQWLUH# 8161# +7;
FRQWLJXRXV#VWDWHV,1

&RQFHQWUDWLRQV#RI#SULPDU\#DQG#VHFRQGDU\#30#IRU
WKH# IXWXUH0\HDU# VFHQDULRV# +LQFOXGLQJ# 30 /# ZLWK# D43
GLDPHWHU#RI#OHVV#WKDQ#43#PLFURPHWHUV/#DQG#30 /#ZLWK518
D# GLDPHWHU# RI# OHVV# WKDQ# 518# PLFURPHWHUV,# ZHUH
HVWLPDWHG# WKURXJK# WKH#FRPELQHG#DSSOLFDWLRQ#RI# WKH
5HJLRQDO#$FLG#'HSRVLWLRQ#0RGHO25HJLRQDO#3DUWLFXODWH
0RGHO#+5$'02530,#DQG#WKH#5HJXODWRU\#0RGHOLQJ
6\VWHP# IRU# $HURVROV# DQG# $FLG# 'HSRVLWLRQ
+5(06$',1##5$'02530#ZDV#XVHG#IRU#WKH#HDVWHUQ
8161/#ZKLOH#5(06$'#ZDV#DSSOLHG#WR#WKH#DQDO\VLV#RI
30#ZLWKLQ#WKH#ZHVWHUQ#8161

$Q#HPLVVLRQV0EDVHG/#OLQHDU#´UROO0EDFNµ#WHFKQLTXH
ZDV#XVHG#WR#HVWLPDWH#IXWXUH0\HDU#FRQFHQWUDWLRQV#IRU
WKH#RWKHU#SROOXWDQWV#FRQVLGHUHG#DV#SDUW#RI#WKLV#DQDO\VLV
²#62 /#12/#12 /#DQG#&215 5

)ROORZLQJ#DSSOLFDWLRQ#RI#WKH#PRGHOLQJ#WHFKQLTXHV/
VLWH0VSHFLILF#HVWLPDWHV#RI#IXWXUH0\HDU#DLU#TXDOLW\#ZHUH
REWDLQHG#E\#DGMXVWLQJ#REVHUYDWLRQDO#GDWD#+FRUUHVSRQG0
LQJ# WR#D#EDVH#\HDU#RI# 4<<3,# LQ#DFFRUGDQFH#ZLWK# WKH
FKDQJHV# LQ# DLU# TXDOLW\# SUHGLFWHG# E\# WKH# PRGHOLQJ
V\VWHPV1##6WDWLVWLFDO#TXDQWLWLHV#RU#´SURILOHVµ#GHVFULELQJ
WKH# SUHGLFWHG# FRQFHQWUDWLRQ# GLVWULEXWLRQV# IRU# HDFK
PRQLWRULQJ#VLWH#ZHUH#WKHQ#FDOFXODWHG1# #7KH#UHVXOWLQJ
VWDWLVWLFDO#FRQFHQWUDWLRQ#GLVWULEXWLRQV#SURYLGH#WKH#EDVLV
IRU#WKH#H[DPLQDWLRQ#DQG#TXDQWLILFDWLRQ#RI#WKH#HIIHFWV
RI#FKDQJHV#LQ#DLU#TXDOLW\#RQ#KHDOWK/#DJULFXOWXUH/#DQG#WKH
HFRQRP\#+L1H1/#SK\VLFDO#HIIHFWV#DQG#HFRQRPLF#YDOXDWLRQ
PRGHOLQJ,#UHVXOWLQJ#IURP#FRPSOLDQFH#ZLWK#WKH#&$$$1

7KH# UHPDLQGHU# RI# WKLV# UHSRUW# VXPPDUL]HV# WKH
PHWKRGV#DQG#UHVXOWV#RI#WKH#VHFWLRQ#;45#SURVSHFWLYH#DLU
TXDOLW\# PRGHOLQJ# DQDO\VLV1# # $Q# RYHUYLHZ# RI# WKH
PRGHOLQJ2DQDO\VLV#PHWKRGRORJ\#LV#SURYLGHG#LQ#VHFWLRQ
51##7KH#PHWKRGV#DQG#UHVXOWV#IRU#R]RQH#DUH#SUHVHQWHG
LQ# VHFWLRQ# 61# #7KH#PHWKRGV#DQG# UHVXOWV# IRU#30#DUH
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SURYLGHG#LQ#VHFWLRQ#71##7KH#OLQHDU0UROOEDFN#PRGHOLQJ UHTXLUHG# IRU# WKLV# VWXG\/# WKHVH# LQFOXGHG# WKH# LQSXW
IRU# WKH# RWKHU# FULWHULD# SROOXWDQWV# LV# VXPPDUL]HG# LQ GDWDEDVHV#FRUUHVSRQGLQJ#WR#ERWK#XUEDQ0#DQG#UHJLRQDO0
VHFWLRQ#81##$#GLVFXVVLRQ#RI#WKH#DWWULEXWHV#DQG#OLPLWD0 VFDOH# DSSOLFDWLRQV# RI# VHYHUDO# GLIIHUHQW# PRGHOLQJ
WLRQV# RI# WKH# PRGHOLQJ# DQDO\VLV# PHWKRGRORJLHV# LV V\VWHPV1##7KH#ODFN#RI#DQ#H[LVWLQJ#FRPSUHKHQVLYH/#IXOO\
SURYLGHG#LQ#VHFWLRQ#91##)LQDOO\/#UHFRPPHQGDWLRQV#IRU WHVWHG/# LQWHJUDWHG#PRGHOLQJ# V\VWHP# +DQG# DVVRFLDWHG
IXUWKHU#UHVHDUFK#DUH#JLYHQ#LQ#VHFWLRQ#:1 GDWDEDVHV,# IRU# XVH# LQ# WKLV# VWXG\# SUHFOXGHG# WKH

Overview of the Section 812
Prospective Modeling Analysis

7KH# DLU# TXDOLW\# PRGHOLQJ# FRPSRQHQW# RI# WKH
VHFWLRQ# ;45# SURVSHFWLYH# DQDO\VLV# LQFOXGHG# WKH
DSSOLFDWLRQ#RI#D#YDULHW\#RI#DLU#TXDOLW\#PRGHOLQJ#WRROV
DQG# WHFKQLTXHV/# DV# ZHOO# DV# WKH# FRPELQHG# XVH# RI
REVHUYDWLRQDO#GDWD#DQG#PRGHOLQJ#UHVXOWV# WR#HVWLPDWH
IXWXUH0\HDU# FRQFHQWUDWLRQV# RI# VHYHUDO# FULWHULD
SROOXWDQWV1##$Q#RYHUYLHZ#RI#WKH#PRGHOLQJ#DSSURDFK#LV
SURYLGHG#LQ#WKLV#VHFWLRQ#RI#WKH#UHSRUW1

7KH#RYHUDOO#REMHFWLYH#RI#WKH#PRGHOLQJ#H[HUFLVH#ZDV
WR#SURYLGH#EDVH0#DQG#IXWXUH0\HDU#HVWLPDWHV#RI#R]RQH/
30/# 62 /#12/#12 /# DQG# &2# IRU# WKH# VXEVHTXHQW5 5
DQDO\VLV# RI# WKH# HIIHFWV# RI# WKH# &$$$# RQ# KHDOWK/
DJULFXOWXUH/#DQG#WKH#HFRQRP\#ZLWKLQ#WKH#FRQWLQHQWDO
8161##$OWKRXJK#WKH#&$$$#DSSOLHV#WR#WKH#HQWLUH#QDWLRQ/
GXH# WR# JHRJUDSKLFDO# FRQVLGHUDWLRQV/# WKH# PRGHOLQJ
GRPDLQ# LQFOXGHV# WKH# FRQWLJXRXV# 7;# VWDWHV1# # 7KH
PRGHOLQJ#ZDV#SHUIRUPHG#IRU#D#EDVH#\HDU#+4<<3,#DQG
IRU# IRXU# IXWXUH0\HDU# VFHQDULRV1# # 7KH# IXWXUH0\HDU
VFHQDULRV# LQFOXGH# 3RVW0&$$$# DQG# 3UH0&$$$
VFHQDULRV#+WKH#IRUPHU#LQFRUSRUDWLQJ#HPLVVLRQ#FKDQJHV
DVVRFLDWHG#ZLWK#PHDVXUHV#DQG#SURJUDPV#SXUVXDQW#WR
WKH#&$$$,#IRU#WKH#\HDUV#5333#DQG#53431##7KHVH#\HDUV
ZHUH# VHOHFWHG# WR# DFFRPPRGDWH# LPSOHPHQWDWLRQ
VFKHGXOHV# DQG# WLPH# IRU# HIIHFWLYHQHVV# SHULRGV
DVVRFLDWHG#ZLWK#PDQ\# RI# WKH#&$$$#PHDVXUHV# DQG
SURJUDPV1

Air Quality Models and Databases

7R# WKH# H[WHQW# SRVVLEOH/# WKH# VHFWLRQ# ;45
SURVSHFWLYH# PRGHOLQJ# DQDO\VLV# XWLOL]HG# H[LVWLQJ
PRGHOLQJ#GDWDEDVHV#+IURP#6WDWH#,PSOHPHQWDWLRQ#3ODQ
RU# RWKHU# UHJLRQDO0VFDOH# PRGHOLQJ# HIIRUWV,1# # 7R
DFFRPPRGDWH#WKH#JHRJUDSKLFDO#H[WHQW#DQG#UHVROXWLRQ

LQWHJUDWHG# DQDO\VLV#RI# WKH#YDULRXV#SROOXWDQWV1# #7KLV/
KRZHYHU/# PD\# EH# DQ# DUHD# IRU# LPSURYLQJ# IXWXUH
SURVSHFWLYH#DQDO\VHV1##

7KH#8$0#DQG#8$009#PRGHOLQJ#V\VWHPV#ZHUH
DSSOLHG#WR#WKH#DQDO\VLV#RI#WKH#HIIHFWV#RI#WKH#&$$$#RQ
R]RQH#DLU#TXDOLW\1##6SHFLILFDOO\/#WKH#8$009#PRGHOLQJ
V\VWHP#ZDV#DSSOLHG#IRU#WKH#UHJLRQDO0VFDOH#DQDO\VLV#RI
R]RQH# FRQFHQWUDWLRQV#ZLWKLQ# ERWK# WKH# HDVWHUQ# DQG
ZHVWHUQ#SRUWLRQV#RI#WKH#8161#+VHSDUDWHO\,1##7KH#DQDO\VLV
RI#WKH#HDVWHUQ#8161#UHOLHG#XSRQ#WKH#XVH#RI#PRGHOLQJ
GDWDEDVHV#GHYHORSHG#DV#SDUW#RI#WKH#2]RQH#7UDQVSRUW
$VVHVVPHQW#*URXS#+27$*,#UHJLRQDO0VFDOH#PRGHOLQJ
DQDO\VLV1##7KLV#PRGHOLQJ#V\VWHP#ZDV#DOVR#DSSOLHG#IRU
WKH#ZHVWHUQ#8161/#EXW#DW#D#UHODWLYHO\#FRDUVH#UHVROXWLRQ1
7R#HQKDQFH#WKH#DQDO\VLV#IRU#VHOHFWHG#XUEDQ#DUHDV#LQ#WKH
ZHVWHUQ#8161/#WKH#UHJLRQDO0VFDOH#PRGHOLQJ#UHVXOWV#ZHUH
VXSSOHPHQWHG#ZLWK#KLJKHU0UHVROXWLRQ#PRGHOLQJ#UHVXOWV
IRU#/RV#$QJHOHV/#3KRHQL[/#DQG#WKH#6DQ#)UDQFLVFR#%D\
$UHD1##7KH#UHVXOWV#IRU#ERWK#/RV#$QJHOHV#DQG#3KRHQL[
ZHUH#REWDLQHG#XVLQJ#WKH#8$0#PRGHOLQJ#V\VWHP/#ZKLOH
WKRVH#IRU#WKH#6DQ#)UDQFLVFR#%D\#$UHD#ZHUH#REWDLQHG
XVLQJ#WKH#8$009#PRGHOLQJ#V\VWHP1

7KH# 5$'02530# DQG# 5(06$'# PRGHOLQJ
V\VWHPV#ZHUH#XVHG#WR#HVWLPDWH#30#FRQFHQWUDWLRQV#IRU
WKH# HDVWHUQ# DQG#ZHVWHUQ#8161/# UHVSHFWLYHO\1# #$JDLQ/
PDQ\#RI#WKH# LQSXWV#IRU#DSSOLFDWLRQ#RI#WKHVH#PRGHOV
ZHUH#GHYHORSHG#DV#SDUW#RI#RWKHU#VWXGLHV#DQG#DGDSWHG
IRU# XVH# LQ# WKH# VHFWLRQ# ;45# SURVSHFWLYH# PRGHOLQJ
DQDO\VLV1#

$V#QRWHG#HDUOLHU/#DQ#HPLVVLRQV0EDVHG/#OLQHDU#´UROO0
EDFNµ# WHFKQLTXH# ZDV# XVHG# WR# HVWLPDWH# IXWXUH0\HDU
FRQFHQWUDWLRQV# IRU#62 /#12/#12 /# DQG#&21# #7KLV5 5
DSSURDFK#ZDV#XVHG#IRU#DOO#DUHDV#RI#WKH#FRQWLQHQWDO#8161

$OO#RI#WKH#PRGHOLQJ#DSSOLFDWLRQV#UHOLHG#RQ#WKH#XVH
RI#GHWDLOHG#HVWLPDWHV#RI#HPLVVLRQV#IRU#WKH#EDVH#\HDU
DQG# HDFK# RI# WKH# IXWXUH0\HDU# VFHQDULRV1# # 7KHVH# DUH
GHVFULEHG# E\# +3HFKDQ/# 4<<;,1# #0RGHOLQJ# HPLVVLRQ
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LQYHQWRULHV# ZHUH# SUHSDUHG# XVLQJ# WKH# (PLVVLRQV UHODWLYH#VHQVH/#UDWKHU#WKDQ#DQ#DEVROXWH#VHQVH1##7KLV#PD\
3UHSURFHVVLQJ#6\VWHP#+(36518,#+6$,/#4<<5,1 HQKDQFH#WKH#UHOLDELOLW\#RI#WKH#IXWXUH0\HDU#FRQFHQWUDWLRQ

Methodology for the Combined Use of
Observations and Air Quality Modeling
Results

7KH#;45#SURVSHFWLYH#PRGHOLQJ#DQDO\VLV#LQFOXGHG
VHYHUDO#VWHSV1##)LUVW/#FRQFHQWUDWLRQ#HVWLPDWHV#IRU#HDFK
SROOXWDQW#RI#LQWHUHVW/#FRUUHVSRQGLQJ#WR#D#EDVH#\HDU#RI
4<<3/#ZHUH#SUHSDUHG#EDVHG#RQ# 4<<3# HPLVVLRQV# DQG
DSSOLFDWLRQ#RI#WKH#DSSURSULDWH#PRGHOLQJ#WRRO+V,1##)RU
HDFK# VFHQDULR/# WKH# UHPDLQLQJ# VWHSV# FRQVLVWHG#RI# +4,
SUHSDUDWLRQ# RI# IXWXUH0\HDU/# PRGHO0UHDG\# HPLVVLRQ
LQYHQWRU\#HVWLPDWHV/#+5,#DSSOLFDWLRQ#RI#WKH#DSSURSULDWH
PRGHOLQJ# WHFKQLTXH# WR# HVWLPDWH# WKH# FKDQJH# LQ# DLU
TXDOLW\#IURP#WKH#EDVH#\HDU#RI#4<<3/#+6,#DGMXVWPHQW#RI
WKH# 4<<3# REVHUYHG# GDWD# WR# UHIOHFW# WKH# FKDQJH# DV
SUHGLFWHG#E\#WKH#PRGHOLQJ#V\VWHP/#DQG#+7,#FDOFXODWLRQ
RI# VWDWLVWLFDO# TXDQWLWLHV# RU# ´SURILOHVµ# GHVFULELQJ# WKH
SUHGLFWHG#SROOXWDQW#FRQFHQWUDWLRQ#GLVWULEXWLRQ#IRU#HDFK
PRQLWRULQJ#VLWH1

&RQFHSWXDOO\/# WKH# PHWKRGRORJ\# IRU# HVWLPDWLQJ
IXWXUH0\HDU#R]RQH#DLU#TXDOLW\#XVLQJ#ERWK#REVHUYDWLRQV
DQG#PRGHOLQJ#UHVXOWV#LV#UDWKHU#VLPSOH1##7KH#PRGHOLQJ
UHVXOWV# DUH#XVHG# WR# FDOFXODWH# DGMXVWPHQW# IDFWRUV# IRU
HDFK# PRQLWRULQJ# VLWH# WKDW# LV# ORFDWHG# ZLWKLQ# WKH
PRGHOLQJ#GRPDLQ1##7KLV#LV#GRQH#RQ#D#JULG0FHOO#E\#JULG0
FHOO#EDVLV#+L1H1/#WKH#DGMXVWPHQW#IDFWRU#IRU#D#PRQLWRULQJ
VLWH#LV#EDVHG#RQ#WKH#VLPXODWLRQ#UHVXOWV#IRU#WKH#JULG#FHOO
LQ# ZKLFK# LW# LV# ORFDWHG,1# # 7KH# DGMXVWPHQW# IDFWRU
UHSUHVHQWV# WKH# UDWLR# RI# WKH# IXWXUH0\HDU0VFHQDULR
FRQFHQWUDWLRQV#WR#WKH#EDVH0\HDU#FRQFHQWUDWLRQV#DQG#LV
FDOFXODWHG# XVLQJ# DSSURSULDWHO\# PDWFKHG# YDOXHV# IRU
VHYHUDO#GLIIHUHQW#FRQFHQWUDWLRQ#OHYHOV#+L1H1/#WKH#FKDQJHV
LQ#FRQFHQWUDWLRQ#DUH#GHSHQGHQW#XSRQ#FRQFHQWUDWLRQ
OHYHO,1# # 7KH# REVHUYHG# FRQFHQWUDWLRQV# IRU# HDFK
PRQLWRULQJ# VLWH# DUH# WKHQ# PRGLILHG# XVLQJ# WKH# VLWH0
VSHFLILF#+RU#JULG0FHOO0VSHFLILF,#DGMXVWPHQW#IDFWRUV1##7KH
UHVXOWLQJ# YDOXHV# UHSUHVHQW# WKH# HVWLPDWHG# IXWXUH0\HDU
FRQFHQWUDWLRQV1

7KLV# DSSURDFK# WR# HVWLPDWLQJ# IXWXUH# DLU# TXDOLW\
GLIIHUV# IURP# WKDW# IRU# D# W\SLFDO# DLU# TXDOLW\# PRGHO
DSSOLFDWLRQ#+H1J1/#IRU#R]RQH#DWWDLQPHQW#GHPRQVWUDWLRQ
SXUSRVHV,# LQ#WKDW#WKH#PRGHOLQJ#UHVXOWV#DUH#XVHG# LQ#D

HVWLPDWHV/#HVSHFLDOO\#LQ#WKH#HYHQW#WKDW#WKH#XQFHUWDLQW\
LQKHUHQW#LQ#WKH#DEVROXWH#FRQFHQWUDWLRQ#YDOXHV#LV#JUHDWHU
WKDQ#WKDW#DVVRFLDWHG#ZLWK#WKH#UHVSRQVH#RI#WKH#PRGHOLQJ
V\VWHP#WR#FKDQJHV#LQ#HPLVVLRQV1

$OWKRXJK#WKH#UDWLRV#DUH#FDOFXODWHG#XVLQJ#PRGHOLQJ
UHVXOWV#IRU#D#OLPLWHG#QXPEHU#RI#VLPXODWLRQ#GD\V/#LW#LV
DVVXPHG/#XVLQJ#WKLV#PHWKRGRORJ\/#WKDW#WKH#UDWLRV#FDQ
EH# XVHG# WR# UHSUHVHQW# ORQJHU# WLPH# SHULRGV1
&RQVHTXHQWO\/#DOO#REVHUYDWLRQV#FRQWDLQHG#ZLWKLQ#WKH
GDWDVHW# +D# IHZ#H[FHSWLRQV#DUH#GLVFXVVHG# ODWHU# LQ# WKLV
GRFXPHQW,# DUH# DGMXVWHG# XVLQJ# WKH# PRGHO0GHULYHG
UDWLRV1##7KXV/#E\#DSSO\LQJ#WKH#PRGHO0GHULYHG#UDWLRV#WR
REVHUYHG# YDOXHV# UHSUHVHQWLQJ# ORQJHU# SHULRGV/# WKLV
DSSURDFK#DOVR#SHUPLWV#WKH#HVWLPDWLRQ#RI#VHDVRQDO#DQG
DQQXDO#FRQFHQWUDWLRQ#GLVWULEXWLRQV#²#D#UHTXLUHPHQW#IRU
WKLV# VWXG\1# #)ROORZLQJ# WKH#FDOFXODWLRQ#RI#YDULRXV#Q0
KRXU# UROOLQJ# DYHUDJHV# IRU# HDFK# PRQLWRULQJ# VLWH/
VWDWLVWLFDO# TXDQWLWLHV/# RU# ´SURILOHVµ/# GHVFULELQJ# WKH
R]RQH# GLVWULEXWLRQ# IRU# HDFK# PRQLWRU# DUH# WKHQ
FDOFXODWHG1##

7KH# IXWXUH0\HDU# DLU# TXDOLW\# SURILOH# HVWLPDWLRQ
PHWKRGRORJ\/#DV#DSSOLHG#WR#WKH#DQDO\VLV#RI#UHVXOWV#IRU
WKH#VHFWLRQ#;45#SURVSHFWLYH#DQDO\VLV/# LV#GHVFULEHG# LQ
GHWDLO#LQ#WKH#UHPDLQLQJ#VHFWLRQV#RI#WKLV#GRFXPHQW1##$
IORZFKDUW#LOOXVWUDWLQJ#WKH#PHWKRGRORJ\#LV#SURYLGHG#LQ
)LJXUH#&041##7KH#SURFHGXUH#PDNHV#XVH#RI#WKH#VWDWLVWLFDO
IXQFWLRQV# DQG# GDWD# KDQGOLQJ# FDSDELOLWLHV# RI# WKH
6WDWLVWLFDO#$QDO\VLV#6RIWZDUH#+6$6,#SDFNDJH1
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Figure C-1
Schematic diagram of the future-year concentration estimation methodology. 

[NOTE:  Figure illustrates how model results and observations are used to produce air quality profiles (concentration distributions)
for the benefits analysis.  The figure shows model runs at the top; four sets of "ratios" of model results in space in the middle; and
frequency distributions of pollutant monitor concentrations and the space-dependent scaling of these by the ratios of the model
predictions on the bottom.]

Estimating the Effects of the
CAAA on Ozone Air Quality

)XWXUH0\HDU#R]RQH#FRQFHQWUDWLRQV#FRUUHVSRQGLQJ
WR# WKH# 3RVW0&$$$# DQG# 3UH0&$$$# VFHQDULRV#ZHUH
HVWLPDWHG#WKURXJK#DSSOLFDWLRQ#RI#WKH#8$0#DQG#8$00
9# PRGHOLQJ# V\VWHPV1# # 7KLV# VHFWLRQ# RI# WKH# UHSRUW
FRQWDLQV#DQ#RYHUYLHZ#RI#WKH#PRGHOLQJ#V\VWHPV#DQG/#IRU
#HDFK#JHRJUDSKLFDO#GRPDLQ/#D#GHVFULSWLRQ#RI#WKH

#DSSOLFDWLRQ#SURFHGXUHV#DQG#UHVXOWV1##7KH#FDOFXODWLRQ
RI# R]RQH# DLU# TXDOLW\# SURILOHV# XVLQJ# WKH# FRPELQHG
PRGHOLQJ#UHVXOWV#IURP#WKH#UHJLRQDO0#DQG#XUEDQ0VFDOH
PRGHOLQJ#DSSOLFDWLRQV#LV#DOVR#GHVFULEHG1

)RU#HDVH#RI#UHDGLQJ/#DOO#ILJXUHV#IROORZ#WKH#WH[W#LQ
WKLV#VHFWLRQ1
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Overview of The UAM and UAM-V
Photochemical Modeling
Systems

UAM

7KH#8$0#LV#D#WKUHH0GLPHQVLRQDO#SKRWRFKHPLFDO
JULG#PRGHO#WKDW#FDOFXODWHV#FRQFHQWUDWLRQV#RI#SROOXWDQWV
E\#VLPXODWLQJ#WKH#SK\VLFDO#DQG#FKHPLFDO#SURFHVVHV#WKDW
RFFXU#LQ#WKH#DWPRVSKHUH1##,W#LV#IRUPXODWHG#EDVHG#RQ
WKH# DWPRVSKHULF# GLIIXVLRQ# RU# VSHFLHV# FRQWLQXLW\
HTXDWLRQ1# #7KLV#HTXDWLRQ# UHSUHVHQWV#D#PDVV#EDODQFH
WKDW#LQFOXGHV#DOO#RI#WKH#UHOHYDQW#HPLVVLRQV/#WUDQVSRUW/
GLIIXVLRQ/#FKHPLFDO#UHDFWLRQ/#DQG#UHPRYDO#SURFHVVHV#LQ
PDWKHPDWLFDO# WHUPV1# # 7KH# 8$0# LQFRUSRUDWHV# WKH
&DUERQ#%RQG#,9#FKHPLFDO#PHFKDQLVP/#ZKLFK#JURXSV
SROOXWDQW# VSHFLHV# WR# OLPLW# WKH# QXPEHU# RI# FKHPLFDO
UHDFWLRQV/# ZKLOH# SHUPLWWLQJ# UHDVRQDEOH# DFFXUDF\# LQ
VLPXODWLQJ#R]RQH#DQG#LWV#SUHFXUVRUV1

7KH#PDMRU#IDFWRUV#WKDW#DIIHFW#SKRWRFKHPLFDO#DLU
TXDOLW\#LQFOXGH=

ü VSDWLDO#GLVWULEXWLRQ#RI# HPLVVLRQV#RI# YRODWLOH
RUJDQLF#FRPSRXQGV# +92&,#DQG#12 /#ERWK[
QDWXUDO#DQG#DQWKURSRJHQLF/

ü FRPSRVLWLRQ#RI#WKH#HPLWWHG#92&#DQG#12 /#[
ü VSDWLDO#DQG# WHPSRUDO#YDULDWLRQV# LQ# WKH#ZLQG

ILHOGV/#
ü G\QDPLFV# RI# WKH# ERXQGDU\# OD\HU/# LQFOXGLQJ

VWDELOLW\#DQG#WKH#OHYHO#RI#PL[LQJ/
ü FKHPLFDO#UHDFWLRQV#LQYROYLQJ#92&/#12 /#DQG[

RWKHU#LPSRUWDQW#VSHFLHV/
ü GLXUQDO# YDULDWLRQV# RI# VRODU# LQVRODWLRQ# DQG

WHPSHUDWXUH/
ü ORVV#RI#R]RQH#DQG#R]RQH#SUHFXUVRUV#E\#GU\

DQG#ZHW#GHSRVLWLRQ/#DQG
ü DPELHQW#EDFNJURXQG#FRQFHQWUDWLRQ#RI#92&/

12[/# DQG# RWKHU# VSHFLHV# LQ/# LPPHGLDWHO\
XSZLQG/#DQG#DERYH#WKH#UHJLRQ#RI#VWXG\1

7KH#8$0#VLPXODWHV#DOO#RI#WKHVH#SURFHVVHV1##7KH
VSHFLHV# FRQWLQXLW\# HTXDWLRQ# LV# VROYHG# XVLQJ# WKH
IROORZLQJ# IUDFWLRQDO# VWHSV=# HPLVVLRQV# DUH# LQMHFWHG>
KRUL]RQWDO#DGYHFWLRQ2GLIIXVLRQ# LV#FDOFXODWHG>#YHUWLFDO

DGYHFWLRQ2GLIIXVLRQ#DQG#GHSRVLWLRQ#DUH#FDOFXODWHG>#DQG
FKHPLFDO#WUDQVIRUPDWLRQV#DUH#SHUIRUPHG#IRU#UHDFWLYH
SROOXWDQWV1#7KH#8$0#SHUIRUPV#WKHVH#IRXU#FDOFXODWLRQV
GXULQJ#HDFK#WLPH#VWHS1##7KH#PD[LPXP#WLPH#VWHS#LV#D
IXQFWLRQ# RI# WKH# JULG# VL]H# DQG# WKH#PD[LPXP#ZLQG
YHORFLW\#DQG#GLIIXVLRQ#FRHIILFLHQW1# #7KH# W\SLFDO# WLPH
VWHS#LV#43048#PLQXWHV#IRU#FRDUVH#+43053#NP,#JULGV#DQG
D#IHZ#PLQXWHV#IRU#ILQH#+405#NP,#JULGV1

%HFDXVH# LW# DFFRXQWV# IRU# VSDWLDO# DQG# WHPSRUDO
YDULDWLRQV#DV#ZHOO#DV#GLIIHUHQFHV# LQ# WKH# UHDFWLYLW\#RI
HPLVVLRQV/# WKH#8$0# LV# LGHDO# IRU#HYDOXDWLQJ# WKH#DLU0
TXDOLW\#HIIHFWV#RI#HPLVVLRQ#FRQWURO#VFHQDULRV1##7KLV#LV
DFKLHYHG#E\#ILUVW#UHSOLFDWLQJ#D#KLVWRULFDO#R]RQH#HSLVRGH
WR#HVWDEOLVK#D#EDVH0FDVH#VLPXODWLRQ1##0RGHO#LQSXWV#DUH
SUHSDUHG# IURP#REVHUYHG#PHWHRURORJLFDO/# HPLVVLRQV/
DQG# DLU# TXDOLW\# GDWD# IRU# WKH# HSLVRGH# GD\V# XVLQJ
SURJQRVWLF#PHWHRURORJLFDO#PRGHOLQJ#DQG2RU#GLDJQRVWLF
DQG#LQWHUSRODWLYH#PRGHOLQJ#WHFKQLTXHV1##7KH#PRGHO#LV
WKHQ# DSSOLHG#ZLWK# WKHVH# LQSXWV/# DQG# WKH# UHVXOWV# DUH
HYDOXDWHG#WR#GHWHUPLQH#PRGHO#SHUIRUPDQFH1##2QFH#WKH
PRGHO#UHVXOWV#KDYH#EHHQ#HYDOXDWHG#DQG#GHWHUPLQHG#WR
SHUIRUP#ZLWKLQ#SUHVFULEHG#OHYHOV/#WKH#VDPH#EDVH0FDVH
PHWHRURORJLFDO#LQSXWV#DUH#FRPELQHG#ZLWK#PRGLILHG#RU
SURMHFWHG# HPLVVLRQ# LQYHQWRULHV# WR# VLPXODWH# SRVVLEOH
DOWHUQDWLYH2IXWXUH#HPLVVLRQ#VFHQDULRV1

7KH#FXUUHQW#8$0#PRGHOLQJ#V\VWHP#ZDV#UHOHDVHG
E\#WKH#(3$#LQ#4<<3#DQG#LV#IXOO\#GRFXPHQWHG#LQ#WKH
8$0# XVHU·V# JXLGH# +6$,/# 4<<3,1# # )HDWXUHV# RI# WKH
PRGHOLQJ# V\VWHP# LQFOXGH# D# PL[LQJ0KHLJKW0EDVHG
YHUWLFDO# FRRUGLQDWH# V\VWHP# DQG# IOX[0# DQG# SURFHVV0
DQDO\VLV# FDSDELOLWLHV# WR# IDFLOLWDWH# WKH# FRPSUHKHQVLYH
DVVHVVPHQW# RI# PRGHO# SHUIRUPDQFH# DQG# WKH
LQWHUSUHWDWLRQ#RI#VLPXODWLRQ#UHVXOWV1

UAM-V

7KH# 8$009# PRGHOLQJ# V\VWHP# UHSUHVHQWV# DQ
H[WHQVLRQ# RI# WKH#8$01# # /LNH#8$0/# WKH#8$009
LQFRUSRUDWHV# WKH# &DUERQ# %RQG# ,9# FKHPLFDO
PHFKDQLVP1##2WKHU#IHDWXUHV#RI#WKH#8$009#PRGHOLQJ
V\VWHP#LQFOXGH=
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ü 9DULDEOH#YHUWLFDO#JULG#VWUXFWXUH=#7KH#VWUXFWXUH#RI SOXPH#VL]H#LV#FRPPHQVXUDWH#ZLWK#D#JULG#FHOO
YHUWLFDO#OD\HUV#FDQ#EH#DUELWUDULO\#GHILQHG1##7KLV VL]H1
DOORZV#IRU#KLJKHU#UHVROXWLRQ#QHDU#WKH#VXUIDFH
DQG# IDFLOLWDWHV#PDWFKLQJ# ZLWK# RXWSXW# IURP ü 3OXPH#ULVH#DOJRULWKP=#7KH#SOXPH#ULVH#DOJRULWKP
SURJQRVWLF#PHWHRURORJLFDO#PRGHOV1 LV#EDVHG#RQ# WKH#SOXPH# ULVH# WUHDWPHQW# IRU#D

ü 7KUHH0GLPHQVLRQDO# PHWHRURORJLFDO# LQSXWV=# 7KH
PHWHRURORJLFDO# LQSXWV# IRU# 8$009# YDU\
VSDWLDOO\# DQG# WHPSRUDOO\1# #7KHVH#DUH#XVXDOO\
FDOFXODWHG#XVLQJ#D#SURJQRVWLF#PHWHRURORJLFDO
PRGHO1

ü 9DULDEOH# JULG# UHVROXWLRQ# IRU# FKHPLFDO# NLQHWLF
FDOFXODWLRQV=#$# FKHPLFDO# DJJUHJDWLRQ# VFKHPH
FDQ# EH# HPSOR\HG/# DOORZLQJ# FKHPLVWU\
FDOFXODWLRQV# WR#EH#SHUIRUPHG#RQ# D# YDULDEOH
JULG#ZKLOH#DGYHFWLRQ2GLIIXVLRQ#DQG#HPLVVLRQV
LQMHFWLRQV#DUH#SHUIRUPHG#RQ#D#IL[HG#JULG1

ü 7ZR0ZD\# QHVWHG# JULG=# )LQHU# JULGV# FDQ# EH
LPEHGGHG#LQ#FRDUVHU#JULGV#IRU#PRUH#GHWDLOHG
UHSUHVHQWDWLRQ# RI# DGYHFWLRQ2GLIIXVLRQ/
FKHPLVWU\/#DQG#HPLVVLRQV1# #6HYHUDO# OHYHOV#RI
QHVWLQJ#FDQ#EH#DFFRPPRGDWHG1

ü 8SGDWHG# FKHPLFDO# PHFKDQLVP=# 7KH# RULJLQDO
&DUERQ#%RQG# ,9# FKHPLFDO#PHFKDQLVP#KDV
EHHQ# XSGDWHG# WR# LQFOXGH# WKH# ;2 2525 5
UHDFWLRQ/#DORQJ#ZLWK#QHZ#WHPSHUDWXUH#HIIHFWV
IRU# 3$1# UHDFWLRQV1# # $TXHRXV0SKDVH
FKHPLVWU\#LV#DOVR#DQ#RSWLRQ1

ü 'U\# GHSRVLWLRQ# DOJRULWKP=# 7KH# GU\# GHSRVLWLRQ
DOJRULWKP# LV# VLPLODU# WR# WKDW# XVHG# E\# WKH
5HJLRQDO#$FLG#'HSRVLWLRQ#0RGHO#+5$'0,1

ü 7UXH#PDVV#EDODQFH=#&RQFHQWUDWLRQV#DUH#DGYHFWHG
DQG#GLIIXVHG#LQ#WKH#PRGHO#XVLQJ#XQLWV#RI#PDVV
SHU#XQLW#YROXPH#UDWKHU#WKDQ#SDUWV#SHU#PLOOLRQ1
7KLV# PDLQWDLQV# WUXH# PDVV# EDODQFH# LQ# WKH
DGYHFWLRQ#DQG#GLIIXVLRQ#FDOFXODWLRQV1

ü 3OXPH0LQ0JULG#WUHDWPHQW=#(PLVVLRQV#IURP#SRLQW
VRXUFHV# FDQ# EH# WUHDWHG# E\# D# VXEJULG0VFDOH
/DJUDQJLDQ# SKRWRFKHPLFDO# SOXPH# PRGHO1
3ROOXWDQW#PDVV#LV#UHOHDVHG#IURP#WKH#VXEJULG0
VFDOH# PRGHO# WR# WKH# JULG# PRGHO# ZKHQ# WKH

*DXVVLDQ#GLVSHUVLRQ#PRGHO1

Regional-Scale Modeling of the
Eastern U.S.

)RU#WKLV#VWXG\/#WKH#8$009#PRGHOLQJ#V\VWHP#ZDV
DSSOLHG#VHSDUDWHO\#IRU#WKH#HDVWHUQ#DQG#ZHVWHUQ#SRUWLRQV
RI#WKH#8161##)RU#WKH#HDVWHUQ#8161/#WKH#DSSOLFDWLRQ#ZDV
EDVHG/#LQ#SDUW/#RQ#WKH#UHJLRQDO0VFDOH#PRGHOLQJ#DQDO\VLV
FRQGXFWHG# E\# WKH# 2]RQH# 7UDQVSRUW# $VVHVVPHQW
*URXS#+27$*,1##:LWK#WKH#H[FHSWLRQ#RI#WKH#HPLVVLRQ
LQYHQWRULHV/#DOO#LQSXWV#ZHUH#WKRVH#XVHG#IRU#WKH#27$*
PRGHOLQJ#DQDO\VLV1# #7KH#DSSOLFDWLRQ#SURFHGXUHV#DQG
PRGHOLQJ#UHVXOWV#DUH#VXPPDUL]HG#LQ#WKLV#VHFWLRQ1

UAM-V Application Procedures for
the Eastern U.S.

Modeling Domain

7KH# PRGHOLQJ# GRPDLQ# IRU# DSSOLFDWLRQ# WR# WKH
HDVWHUQ#8161#LV#LGHQWLFDO#WR#WKDW#XVHG#IRU#WKH#27$*
PRGHOLQJ#DQDO\VLV1##7KH#GRPDLQ#HQFRPSDVVHV#WKH#6:
HDVWHUQ#PRVW#VWDWHV#DQG#WKH#'LVWULFW#RI#&ROXPELD#DQG
FRQVLVWV#RI#WZR#JULGV1##7KH#KRUL]RQWDO#UHVROXWLRQ#IRU
WKH# RXWHU# JULG# LV# DSSUR[LPDWHO\# 69# NP># WKLV# JULG
FRQVLVWV# RI# ILYH# YHUWLFDO# OD\HUV1# # 7KH# KRUL]RQWDO
UHVROXWLRQ#IRU#WKH#VPDOOHU#LQQHU#JULG#LV#DSSUR[LPDWHO\
45#NP>#WKLV#JULG#FRQVLVWV#RI#VHYHQ#YHUWLFDO#OD\HUV1##7KH
WRS#RI# WKH#PRGHOLQJ#GRPDLQ# LV# 7333#PHWHUV# DERYH
JURXQG#OHYHO1

Simulation Periods

7ZR#RI#WKH#27$*#PXOWL0GD\#VLPXODWLRQ#SHULRGV
ZHUH#VHOHFWHG#IRU#XVH#LQ#WKLV#VWXG\1##7KHVH#DUH#53063
-XO\#4<<6#DQG#:04;#-XO\#4<<81##%RWK#VLPXODWLRQ#SHULRGV
DUH#FKDUDFWHUL]HG#E\#KLJK#R]RQH#FRQFHQWUDWLRQV#LQ#WKH
HDVWHUQ#8161># QXPHURXV# H[FHHGDQFHV# RI# WKH# 40KRXU
1DWLRQDO#$PELHQW#$LU#4XDOLW\#6WDQGDUG#+1$$46,#IRU
R]RQH#ZHUH# UHFRUGHG1# #'XULQJ# WKH# 4<<6# VLPXODWLRQ
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SHULRG/# WKH#H[FHHGDQFHV#RFFXUUHG#PRVWO\#ZLWKLQ# WKH (DFK#LQYHQWRU\#LQFOXGHV#ZHHNGD\2ZHHNHQG#DUHD
VRXWKHDVWHUQ#8161##'XULQJ#WKH#4<<8#SHULRG/#KLJK#R]RQH VRXUFH#HPLVVLRQV/#W\SLFDO#VXPPHU#GD\#XWLOLW\#HPLVVLRQV/
FRQFHQWUDWLRQV# ZHUH# REVHUYHG# LQ# VHYHUDO# UHJLRQV ZHHNGD\2ZHHNHQG#QRQ0XWLOLW\#SRLQW#VRXUFH#HPLVVLRQV/
LQFOXGLQJ# WKH# /DNH# 0LFKLJDQ# DUHD/# WKH# 1RUWKHDVW DQG# GD\0VSHFLILF# ELRJHQLF# HPLVVLRQV1# #7KH# RQ0URDG
&RUULGRU/# DQG# WKH# 6RXWKHDVW1# # 7KHVH# SHULRGV#ZHUH PRWRU0YHKLFOH# HPLVVLRQV# ZHUH# EDVHG# RQ# W\SLFDO
FKRVHQ# WR#EH#UHSUHVHQWDWLYH#RI#UHJLRQDO0VFDOH#R]RQH VXPPHU#ZHHNGD\2ZHHNHQG#HVWLPDWHV1
WUDQVSRUW#HYHQWV#IRU#WKH#VRXWKHDVWHUQ#DQG#HDVWHUQ#8161
UHVSHFWLYHO\1# # ,Q#ERWK# FDVHV/# WKH# H[WHQW#RI# WKH#KLJK
R]RQH# FRQFHQWUDWLRQV# LV# DWWULEXWDEOH# WR# SHUVLVWHQW/
UHJLRQDO0VFDOH# R]RQH# FRQGXFLYH# PHWHRURORJLFDO
FRQGLWLRQV1##7KH#VLPXODWLRQ#SHULRGV#LQFOXGH#WZR#DQG
WKUHH# LQLWLDOL]DWLRQ# +RU# VWDUW0XS,# GD\V/# UHVSHFWLYHO\1
7KHVH# DUH# LQFOXGHG# WR# UHGXFH# WKH# HIIHFWV# RI
XQFHUWDLQWLHV#LQ#WKH#LQLWLDO#FRQGLWLRQV#RQ#WKH#VLPXODWLRQ
UHVXOWV1

Input Preparation

7KH#8$009#PRGHOLQJ#V\VWHP#UHTXLUHV#D#YDULHW\
RI# LQSXW#ILOHV#WKDW#FRQWDLQ# LQIRUPDWLRQ#SHUWDLQLQJ#WR
WKH#PRGHOLQJ#GRPDLQ#DQG#VLPXODWLRQ#SHULRG1##7KHVH
LQFOXGH#JULGGHG/#GD\0VSHFLILF#HPLVVLRQV#HVWLPDWHV#DQG
PHWHRURORJLFDO#ILHOGV>#LQLWLDO#DQG#ERXQGDU\#FRQGLWLRQV>
DQG#ODQG0XVH#LQIRUPDWLRQ1

6HSDUDWH#HPLVVLRQ#LQYHQWRULHV#ZHUH#SUHSDUHG#IRU
WKH#EDVH0\HDU#DQG#HDFK#RI#WKH#IXWXUH0\HDU#VFHQDULRV1
$OO# RWKHU# LQSXWV# ZHUH# VSHFLILHG# IRU# WKH# EDVH0\HDU
PRGHO#DSSOLFDWLRQ#+4<<3,#DQG#UHPDLQHG#XQFKDQJHG#IRU
HDFK#IXWXUH0\HDU#PRGHOLQJ#VFHQDULR1

Modeling Emission Inventories

7KH# 8$009# UHTXLUHV# GHWDLOHG# HPLVVLRQ
LQYHQWRULHV#FRQWDLQLQJ#WHPSRUDOO\#DOORFDWHG#HPLVVLRQV
IRU#HDFK#JULG#FHOO#LQ#WKH#PRGHOLQJ#GRPDLQ#DQG#IRU#DOO
SULPDU\#SROOXWDQW#VSHFLHV#UHSUHVHQWHG#E\#WKH#FKHPLFDO
PHFKDQLVP1# #$Q# H[WHQGHG# YHUVLRQ#RI#(3$*V#8$0
(PLVVLRQV#3UHSURFHVVRU#6\VWHP/#9HUVLRQ#513/#RU#(36
513#+6$,/#4<<5,#FDOOHG#(36#518H#ZDV#XVHG#WR#SURFHVV
WKH#LQYHQWRULHV1#,Q#DGGLWLRQ#WR#WKH#FDSDELOLWLHV#RI#(36
513/# WKLV# V\VWHP# KDV# EHHQ# HQKDQFHG# WR# IDFLOLWDWH
UHJLRQDO0VFDOH#PRGHO#DSSOLFDWLRQV#RI#SDUWLFXODWH#PDWWHU
DQG#WR[LF#VSHFLHV/#DV#ZHOO#DV#R]RQH#SUHFXUVRUV1

$QWKURSRJHQLF# LQSXW# HPLVVLRQV# LQYHQWRU\# GDWD
ZHUH#SURYLGHG#E\#3HFKDQ#+4<<;,1##7KHVH#LQFOXGHG#DUHD
DQG#SRLQW#VRXUFH#HPLVVLRQV#GDWD# IURP# WKH#1DWLRQDO
3DUWLFXODWHV# ,QYHQWRU\# +E\# FRXQW\# DQG# IRU# VSHFLILF
SRLQW# VRXUFHV,/# FRXQW\0OHYHO# YHKLFOH# PLOHV# WUDYHOHG
+907,#HVWLPDWHV/#DQG#PRELOH0VRXUFH#HPLVVLRQ#IDFWRUV
IRU# 92&/#12 /# DQG# &21# # $UHD# VRXUFH# HPLVVLRQV[
LQFOXGH#HPLVVLRQV#IURP#D#YDULHW\#RI#VRXUFHV#VXFK#DV
FRPPHUFLDO# DQG# UHVLGHQWLDO# IXHO# FRPEXVWLRQ/# QRQ0
SRLQW0VRXUFH#LQGXVWULDO#HPLVVLRQV/#VROYHQW#XWLOL]DWLRQ/
FRQVWUXFWLRQ# HTXLSPHQW/# RII0KLJKZD\# YHKLFOHV/
JDVROLQH#GLVWULEXWLRQ/#IXUQLWXUH#UHILQLVKLQJ/#DQG#ODZQ
PRZHUV1##'D\0VSHFLILF/#PRGHO0UHDG\#ELRJHQLF#HPLVVLRQ
LQYHQWRULHV#ZHUH#REWDLQHG#IURP#WKH#27$*#GDWDEDVH1
3UHSDUDWLRQ# RI# WKH# HPLVVLRQ# LQYHQWRU\# GDWD# LV
GHVFULEHG# LQ# GHWDLO# E\# 3HFKDQ# +4<<;,1# # $# EULHI
GHVFULSWLRQ#RI#WKH#HPLVVLRQV#SURFHVVLQJ#LV#SURYLGHG#LQ
WKLV#VHFWLRQ1

3UHOLPLQDU\#SURFHVVLQJ#RI# WKH#GDWD#SULRU# WR# WKH
DSSOLFDWLRQ#RI# WKH#(36# 518H# V\VWHP#ZDV#QHFHVVDU\1
7KLV# FRQVLVWHG# RI# JHQHUDWLQJ# WKH# RQ0URDG# PRELOH
HPLVVLRQV#DQG#UHIRUPDWWLQJ#DOO#GDWD#LQWR#$WPRVSKHULF
,QIRUPDWLRQ#5HWULHYDO#6\VWHP#+$,56,#0RELOH06RXUFH
6XEV\VWHP#+$06,#DQG#)DFLOLW\#6XEV\VWHP#+$)6,#ZRUN0
ILOH# IRUPDWV1# # 2Q0URDG# PRELOH# HPLVVLRQV# ZHUH
JHQHUDWHG#XVLQJ#WKH#LQSXWV#SURYLGHG#E\#(3$#DQG#WKH
02%,/(8D#PRGHO1##7KH#RXWSXWV#IURP#02%,/(8D
LQFOXGH#IXWXUH0\HDU#HPLVVLRQV#RI#WKH#R]RQH#SUHFXUVRU
SROOXWDQWV#92&/#12 /#DQG#&21##02%,/(8D#DFFHVVHV[
D# PDWUL[# RI# HPLVVLRQV# IDFWRUV# WKDW# DUH# EDVHG# RQ
WHPSHUDWXUH/#VSHHG/#DQG#RWKHU#VLWH0VSHFLILF#SDUDPHWHUV1
(VWLPDWHV# RI# 907# ZHUH# PXOWLSOLHG# E\# HPLVVLRQ
IDFWRUV#WR#JHQHUDWH#RQ0URDG#PRWRU#YHKLFOH#HPLVVLRQ
HVWLPDWHV1# # 7KH# 907# HVWLPDWHV# ZHUH# SURYLGHG# DW
FRXQW\#OHYHO#DQG#ZHUH#EURNHQ#GRZQ#LQWR#45#GLIIHUHQW
XUEDQ#DQG#UXUDO#URDGZD\#FODVVLILFDWLRQV1
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$OO# DQWKURSRJHQLF# HPLVVLRQ# LQSXWV# WR#8$009 FKHPLFDO#VSHFLDWLRQ#VFKHPH#IRU#92&V#LQFOXGHV#HLJKW
ZHUH#SUHSURFHVVHG# WKURXJK# WKH#(36#518H#HPLVVLRQV FDWHJRULHV=# ROHILQV/# SDUDIILQV/# WROXHQH/# [\OHQH/
SURFHVVLQJ#V\VWHP1##3KRWRFKHPLFDO#JULG#PRGHOV#VXFK IRUPDOGHK\GH/# KLJKHU# DOGHK\GHV/# HWKHQHV/# DQG
DV#WKH#8$009#UHTXLUH#GHWDLOHG#HPLVVLRQ#LQYHQWRULHV/ LVRSUHQH1#)RU#WKLV#VWXG\/#WKH#GHIDXOW#12 VSHFLDWLRQ#RI
FRQWDLQLQJ#KRXUO\#HPLVVLRQV#IRU#HDFK#JULG#FHOO#LQ#WKH <3# SHUFHQW# 12# DQG# 43# SHUFHQW# 12 # E\# ZHLJKW/
PRGHOLQJ#GRPDLQ# IRU#HDFK# VSHFLHV#EHLQJ# VLPXODWHG1 LQFOXGHG#LQ#(36#518H/#ZDV#DVVXPHG#IRU#DOO#SRLQW#DQG
7KH# FRUH# (36# V\VWHP# LV# D# VHULHV# RI# )2575$1 DUHD#VRXUFHV1
PRGXOHV# WKDW# LQFRUSRUDWH# VSDWLDO/# WHPSRUDO/# DQG
FKHPLFDO#UHVROXWLRQ#LQWR#DQ#HPLVVLRQV#LQYHQWRU\#XVHG
IRU#SKRWRFKHPLFDO#PRGHOLQJ1##3RLQW/#DUHD/#DQG#PRELOH
VRXUFH# HPLVVLRQ# GDWD#ZHUH# SURFHVVHG# VHSDUDWHO\# WR
IDFLOLWDWH#ERWK#GDWD#WUDFNLQJ#IRU#TXDOLW\#FRQWURO#DQG#WKH
XVH#RI#WKH#GDWD#LQ#HYDOXDWLQJ#WKH#HIIHFWV#RI#DOWHUQDWLYH
FRQWURO# VWUDWHJLHV# RQ# VLPXODWHG# DLU# SROOXWDQW
FRQFHQWUDWLRQV1##7KH#PRELOH#VRXUFH#FRPSRQHQW#ZDV
IXUWKHU# EURNHQ# GRZQ# LQWR# UXUDO# DQG# XUEDQ#PRWRU
YHKLFOH#HPLVVLRQV#EDVHG#RQ#WKH#URDGZD\#FODVVLILFDWLRQV1
7KH#PRGHO0UHDG\# FRPSRQHQWV# +LQFOXGLQJ# ELRJHQLF,
ZHUH#WKHQ#PHUJHG#WR#JHQHUDWH#WKH#ILQDO#PRGHO#LQSXWV1

7KH# 8$009# UHTXLUHV# KRXUO\# HVWLPDWHV# RI VXEVWDQWLDOO\# PRUH# HIIRUW1# # 7KH# PRVW# FRPPRQO\
HPLVVLRQV# IRU# HDFK# JULG# FHOO# WR# DFFXUDWHO\# VLPXODWH HPSOR\HG# DSSURDFK# IRU# DSSRUWLRQLQJ# FRXQW\0OHYHO
KRXUO\#FRQFHQWUDWLRQV#RI#R]RQH1##$FFRUGLQJO\/#DQQXDO HPLVVLRQV#WR#JULG#FHOOV#LV#WR#XVH#D#VXUURJDWH#LQGLFDWRU
DYHUDJH# RU# SHDN# R]RQH# VHDVRQ# GDLO\# HPLVVLRQ# UDWHV IRU#VSDWLDO#GLVWULEXWLRQ#RI#HPLVVLRQ# OHYHOV#RU#DFWLYLW\
PXVW# EH# DGMXVWHG# WR# UHIOHFW# WKH# FRQGLWLRQV# RI# WKH +H1J1/#SRSXODWLRQ/#W\SH#RI#ODQG#XVH/#RU#ORFDWLRQ#RI#PDMRU
R]RQH# HSLVRGH# EHLQJ# PRGHOHG/# LQFOXGLQJ# VHDVRQDO OLQNV#VXFK#DV#LQWHUVWDWH#URDGZD\V#RU#DLUSRUW#UXQZD\V,1
DGMXVWPHQWV#IRU#DFWLYLW\#OHYHOV#+LI#EDVH#\HDU#HPLVVLRQV $#VSDWLDO#DOORFDWLRQ#VXUURJDWH#LV#D#TXDQWLW\#ZKRVH#DUHDO
DUH#UHSRUWHG#DV#DQQXDO#DYHUDJHV,/#DGMXVWPHQWV#IRU#WKH GLVWULEXWLRQ#LV#HLWKHU#NQRZQ#RU#KDV#EHHQ#HVWLPDWHG#DQG
GD\#RI#WKH#ZHHN/#DQG#KRXUO\#WHPSHUDWXUH#DQG#DFWLYLW\ LV#DVVXPHG#WR#EH#VLPLODU#WR#WKH#DUHDO#GLVWULEXWLRQ#RI
DGMXVWPHQWV#IRU#HDFK#KRXU#RI#WKH#HSLVRGH#GD\1##(3$ HPLVVLRQV#IURP#VRPH#VRXUFH#FDWHJRU\#ZKRVH#VSDWLDO
KDV# GHYHORSHG# D# GHIDXOW# VHW# RI# WHPSRUDO# DOORFDWLRQ GLVWULEXWLRQ# LV# QRW# ZHOO# NQRZQ1# # &RXQW\0OHYHO
IDFWRUV#+7$),#IRU#HDFK#VRXUFH#FDWHJRU\#DQG#WKHVH#KDYH HPLVVLRQV#DUH#VSDWLDOO\#DOORFDWHG#WR#WKH#JULG#FHOOV#RI#WKH
EHHQ#LQFRUSRUDWHG#LQWR#(36#518H1##7$)#ZHUH#DSSOLHG PRGHOLQJ#GRPDLQ1##6XUURJDWH#GDWD#LQSXW#XVHG#WR#FUHDWH
WR#DOO#PRGHO#LQSXWV1##)RU#WKH#HDVWHUQ#8161#GRPDLQ/#WKH WKH#VSDWLDO#DOORFDWLRQ#IDFWRUV#LQFOXGHG#8161#*HRORJLFDO
DYDLODEOH#W\SLFDO#SHDN#R]RQH#VHDVRQ#GD\#12 #DQG#92& 6XUYH\#+86*6,#ODQG0XVH#GDWD/#4<<3#FHQVXV#GDWD/#DQG[
HPLVVLRQV#ZHUH#DGMXVWHG#IRU#GD\#RI#ZHHN#DQG#KRXUO\ GLJLWL]HG#FRXQW\#ERXQGDULHV1
DOORFDWLRQ1

7KH# &DUERQ0%RQG# ,9# FKHPLFDO# PHFKDQLVP DQG#&2# IRU#WKH#EDVH0#DQG#IXWXUH0\HDU#VFHQDULRV#DUH
HPSOR\HG#E\#WKH#8$009#PRGHOLQJ#V\VWHP/#JURXSV#RU SURYLGHG#LQ#7DEOH#&041##7KLV#WDEOH#VKRZV#LQFUHDVHV#LQ
´OXPSVµ#SROOXWDQWV#WR#OLPLW#WKH#QXPEHU#RI#UHDFWLRQV 92&#DQG#12 #XQGHU#WKH#3UH0&$$$#VFHQDULRV#DQG
DQG# VSHFLHV# WR# D# UHDVRQDEOH# OHYHO#ZKLOH# SHUPLWWLQJ VXEVWDQWLDO#GHFUHDVHV#XQGHU#WKH#3RVW0&$$$#VFHQDULRV1
UHDVRQDEOH#DFFXUDF\#LQ#SUHGLFWLQJ#DLU#TXDOLW\1##2]RQH 7KH#GHFUHDVHV# LQ#92&#DUH#SULPDULO\#DWWULEXWDEOH# WR
SUHFXUVRU#K\GURFDUERQ#HPLVVLRQV#ZHUH#DJJUHJDWHG#LQWR UHGXFWLRQV# LQ# DUHD0# VRXUFH# DQG# PRWRU0YHKLFOH
WKH# FDUERQ0ERQG# VSHFLHV# UHTXLUHG# E\# WKH# 8$009 HPLVVLRQV1##7KH#GHFUHDVHV#LQ#12 #DUH#GXH#WR#GHFUHDVHV
XVLQJ#VSHFLDWLRQ#SURILOHV#GHYHORSHG#E\#WKH#(3$#+4<<4, LQ#PRWRU0YHKLFOH# DQG# XWLOLW\# DQG# QRQ0XWLOLW\# SRLQW0
DQG#WKH#GHIDXOW#DVVLJQPHQWV#SURYLGHG#ZLWK#(361##7KH VRXUFH#HPLVVLRQV1

;#

5

)RU# WKH#8$009#PRGHO# WR# DFFXUDWHO\# VLPXODWH
REVHUYHG#DLU#TXDOLW\#FRQFHQWUDWLRQV# IRU# WKH#VHOHFWHG
JULG/#LW#PXVW#EH#VXSSOLHG#ZLWK#HPLVVLRQV#GDWD#WKDW#KDYH
WKH#VDPH#GHJUHH#RI#VSDWLDO#UHVROXWLRQ#+L1H1/#E\#JULG#FHOO,1
7KH# HIIRUW# UHTXLUHG# WR# LPSOHPHQW# WKLV# UHVROXWLRQ
YDULHV#GHSHQGLQJ#RQ# WKH# W\SH#RI#VRXUFH1# #)RU#SRLQW
VRXUFHV/# JHRJUDSKLFDO# FRRUGLQDWHV# IRU# HDFK# VRXUFH/
W\SLFDOO\#UHSRUWHG#WR#ZLWKLQ#D#IUDFWLRQ#RI#D#NLORPHWHU/
DUH#XVHG# IRU#GLUHFW# DVVLJQPHQW#RI# HPLVVLRQV# WR# WKH
DSSURSULDWH#JULG#FHOOV1##%\#FRQWUDVW/#VSDWLDO#UHVROXWLRQ
RI#HPLVVLRQV#UHSRUWHG#DV#FRXQW\#WRWDOV/#DV#LV#XVXDOO\#WKH
FDVH# IRU# DUHD# VRXUFHV# DQG#PRWRU# YHKLFOHV/# UHTXLUHV

(PLVVLRQV#WRWDOV#E\#FRPSRQHQW#IRU#92&/#12 /[

[

[
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Air Quality, Meteorological, and
Land-Use Inputs

7KH# DLU# TXDOLW\/# PHWHRURORJLFDO/# DQG# ODQG0XVH
LQSXWV#IRU#DSSOLFDWLRQ#RI#WKH#8$009#PRGHOLQJ#V\VWHP
IRU# WKLV# VWXG\#ZHUH# LGHQWLFDO# WR# WKRVH# XVHG# IRU# WKH
27$*#PRGHOLQJ#H[HUFLVH1##7KH#LQLWLDO#DQG#ERXQGDU\
FRQFHQWUDWLRQV# IRU# WKH# 27$*# VLPXODWLRQV# ZHUH
UHSUHVHQWHG#E\#´FOHDQµ#DLU#YDOXHV#IRU#DOO#VSHFLHV1##7KH
LQGLYLGXDO# VSHFLHV# FRQFHQWUDWLRQV# YDU\# VOLJKWO\#ZLWK
HOHYDWLRQ#+RU#KHLJKW#DERYH#WKH#JURXQG,#DQG#ZLWK#WLPH
RI# GD\/# DQG# DUH# DSSUR[LPDWHO\# 314#SDUWV#SHU#ELOOLRQ
+SSE,#RI#12 /#8#SDUWV#SHU#ELOOLRQ#FDUERQ# +SSE&,#RI[
UHDFWLYH#K\GURFDUERQV# +5+&,/#DQG#433#SSE#RI#&21
7KH#ERXQGDU\#FRQFHQWUDWLRQV#IRU#R]RQH#UDQJH#IURP
DERXW# 64# WR# 67#SSE1# #)XUWKHU#GHWDLO#RQ# WKH#27$*
LQLWLDO# DQG# ERXQGDU\# FRQFHQWUDWLRQV# KDV# EHHQ
SUHVHQWHG#LQ#27$*#SXEOLFDWLRQV#+H1J1/#'HXHO#HW1#DO1/
4<<9,1#

2WKHU#LQSXW#GDWD#UHTXLUHG#E\#WKH#8$009#PRGHO
IRU# VLPXODWLQJ# WKH# R]RQH# HSLVRGHV# +LQFOXGLQJ# WKH
PHWHRURORJLFDO# DQG# ODQG0XVH# LQSXWV,#ZHUH# REWDLQHG
GLUHFWO\# IURP# WKH# 27$*# GDWDVHWV# ZLWKRXW
PRGLILFDWLRQ1# #0RGHO#RSWLRQV#ZHUH# WKH#VDPH# LQ# WKH
FXUUHQW# DSSOLFDWLRQ# DV# LQ# WKH# 27$*# DSSOLFDWLRQ/
H[FHSW# WKDW# WKH# SOXPH0LQ0JULG# +30L0*,# WUHDWPHQW# +D
GHWDLOHG#WUHDWPHQW#RI#WKH#FKHPLVWU\#DQG#JHRPHWU\#RI
SOXPHV# IURP# HOHYDWHG# SRLQW# VRXUFHV,# ZDV# QRW
HPSOR\HG1# # 7KLV# H[FHSWLRQ# ZDV#PDGH# LQ# RUGHU# WR
UHGXFH#WKH#GHPDQGV#RQ#FRPSXWHU#UHVRXUFHV1
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Table C-1  
Emission Totals by Component for each Scenario for the OTAG Domain (tpd)

VOC

Base 1990 CAAA CAAA CAAA CAAA
2000 Pre- 2000 Post- 2010 Pre- 2010 Post-

Area 33,417 38,517  27,982 43,113 8,638 

Onroad Mobile 17,518 15,102 10,074 17,400 8,552

Point 8,247 9,027 7,317 10,194 8,204

Utility 87 81 82 111 113

 Total 59,270 62,727 45,454 70,818 45,507

NOx

Base 1990 CAAA CAAA CAAA CAAA
2000 Pre- 2000 Post- 2010 Pre- 2010 Post-

 Area          12,109          13,858          13,351          15,770          13,741 

Onroad Mobile          17,915          17,463          14,923          20,222          12,616 

Point            6,647            7,345            4,444            8,365            4,681 

Utility          17,637          20,668            8,254          22,670            5,182 

 Total        54,307        59,335        40,972        67,026        36,220

CO

Base 1990 CAAA CAAA CAAA CAAA
2000 Pre- 2000 Post- 2010 Pre- 2010 Post-

Area          46,606          53,087          51,544          58,952          57,100 

Onroad Mobile        147,842        112,656          84,569        124,385          78,396

Point          13,766          15,463          15,463          17,192          17,192

Utility               710               784               811            1,225            1,327

 Total      208,924      181,990     152,388      201,753      154,015 
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UAM-V Simulation Results for the
Eastern U.S.

Model Performance

7KH# DVVHVVPHQW# RI# PRGHO# SHUIRUPDQFH# LV# DQ
LPSRUWDQW#FRPSRQHQW#RI#D#PRGHOLQJ#DQDO\VLV#DQG# LV
XVHG#WR#HQVXUH#WKDW#WKH#PRGHOLQJ#V\VWHP/#LQFOXGLQJ#WKH
LQSXWV/#LV#DEOH#WR#UHSOLFDWH#WKH#REVHUYHG#FRQFHQWUDWLRQ
OHYHOV#DVVRFLDWHG#ZLWK#WKH#KLVWRULFDO#PRGHOLQJ#HSLVRGH
SHULRG1# # 7KH# HYDOXDWLRQ# RI#PRGHO# SHUIRUPDQFH# LV
W\SLFDOO\# DFKLHYHG# WKURXJK# WKH# FRPSDULVRQ# RI
VLPXODWHG#FRQFHQWUDWLRQV#ZLWK#REVHUYHG#GDWD1##,Q#WKLV
FDVH/# WKH# REVHUYHG# GDWD# FRUUHVSRQG# WR# WKH# DFWXDO
HSLVRGH# SHULRG# DQG# WKH# HPLVVLRQV# UHIOHFW# HPLVVLRQ
OHYHOV# IRU# WKDW# VDPH# SHULRG2\HDU1# # )RU# WKH#27$*
PRGHOLQJ#FRPSRQHQW/#PRGHO#SHUIRUPDQFH#FRQVLGHUHG
WKH#EDVH0FDVH#DSSOLFDWLRQV#IRU#4<<6#DQG#4<<81##

0RGHO#SHUIRUPDQFH# IRU# WKH#27$*#HSLVRGHV# LV
GRFXPHQWHG#LQ#WKH#27$*#PRGHOLQJ#UHSRUW#+27$*/
4<<:,1##,Q#JHQHUDO/#WKH#REVHUYHG#R]RQH#FRQFHQWUDWLRQ
OHYHOV#ZHUH#UHSUHVHQWHG#LQ#WKH#VLPXODWLRQV/#ZLWK#VRPH
RYHU0#DQG#XQGHU0HVWLPDWLRQ#RI#WKH#PD[LPXP#YDOXHV1
6FDWWHU#SORWV#FRPSDULQJ#WKH#VLPXODWHG#DQG#REVHUYHG
FRQFHQWUDWLRQV#IRU#NH\#PRGHOLQJ#GD\V#IRU#HDFK#HSLVRGH
+5;#-XO\#4<<6#DQG#48#-XO\#4<<8,#VKRZ#JHQHUDOO\#JRRG
DJUHHPHQW#EHWZHHQ#WKH#VLPXODWHG#DQG#REVHUYHG#YDOXHV/
ZLWK#VRPH#WHQGHQF\#IRU#RYHU0#DQG#XQGHUHVWLPDWLRQ#RQ
DOO#GD\V/#GLVWULEXWHG#DPRQJ# WKH#FRQFHQWUDWLRQ# OHYHOV
+VFDWWHU# DORQJ# WKH# D[LV,1# # 7KHVH# DUH# W\SLFDO# RI# WKH
FRPSDULVRQV#IRU#WKH#RWKHU#VLPXODWLRQ#GD\V1#

6LQFH#WKH#VLPXODWLRQ#UHVXOWV#FRUUHVSRQGLQJ#WR#DOO
FRQFHQWUDWLRQ# OHYHOV# ZLOO# EH# XVHG# WR# DGMXVW# WKH
REVHUYHG# GDWD# IRU# 6HFWLRQ# ;45#PRGHOLQJ# DQDO\VLV# D
FRPSDULVRQ#RI#WKH#PHDQ#YDOXHV#ZDV#DOVR#SHUIRUPHG1
3ORWV#FRPSDULQJ#WKH#PHDQ#YDOXHV#IRU#HDFK#VLPXODWLRQ
GD\#RI#WKH#4<<6#DQG#4<<8#VLPXODWLRQ#SHULRGV#LQ#ERWK
FDVHV#VKRZ#WKDW#WKH#PHDQ#VLPXODWHG#YDOXHV#DUH#VOLJKWO\
KLJKHU#WKDQ#WKH#PHDQ#REVHUYHG#YDOXHV/#EXW#WKH#GD\0WR0
GD\#WHQGHQFLHV#DUH#VLPLODU1

)RU# WKH# 4<<6# VLPXODWLRQ# SHULRG/# WKH# PHDQ
XQVLJQHG# UHODWLYH# HUURU# +RU#QRUPDOL]HG#ELDV,# UDQJHV

IURP#DSSUR[LPDWHO\# 048#SHUFHQW# WR#4#SHUFHQW1# #7KH
FRUUHVSRQGLQJ#YDOXHV#IRU#WKH#4<<8#VLPXODWLRQ#SHULRG
DUH# 045#WR#<#SHUFHQW1# #7KHVH#DUH#DOO#ZLWKLQ#WKH#(3$
UHFRPPHQGHG# UDQJH# +IRU# XUEDQ0VFDOH#PRGHOLQJ,# RI
�48#SHUFHQW1##)RU#ERWK#VLPXODWLRQ#SHULRGV/#WKH#PHDQ
UHODWLYH#HUURU#+RU#JURVV#HUURU,#LV#OHVV#WKDQ#58#SHUFHQW
IRU# HDFK# VLPXODWLRQ# GD\1# #7KH#(3$# UHFRPPHQGHG
UDQJH#LV#OHVV#WKDQ#68#SHUFHQW1

7KH#JRRG#DJUHHPHQW#EHWZHHQ#WKH#VLPXODWHG#DQG
REVHUYHG# R]RQH# FRQFHQWUDWLRQV/# VXJJHVWV# WKDW# WKH
27$*# PRGHOLQJ# V\VWHP# +LQFOXGLQJ# WKH
PHWHRURORJLFDO/#DLU#TXDOLW\/#DQG#JHRJUDSKLFDO# LQSXWV,
SURYLGHV# DQ# DSSURSULDWH# EDVLV# IRU# WKH# 6HFWLRQ# ;45
SURVSHFWLYH#PRGHOLQJ1

UAM-V Modeling Results

7KH#8$009#VLPXODWLRQ#UHVXOWV#IRU#WKH#3UH0#DQG
3RVW0&$$$# VFHQDULRV# ZHUH# XVHG# LQ# WKLV# VWXG\# WR
FDOFXODWH#IDFWRUV#IRU#DGMXVWPHQW#RI#REVHUYHG#GDWD#DQG
HVWLPDWLRQ#RI#IXWXUH0\HDU#FRQFHQWUDWLRQ#OHYHOV1##7KHVH
ZHUH# FDOFXODWHG# E\# FRPSDULQJ# WKH# VLPXODWHG
FRQFHQWUDWLRQV# FRUUHVSRQGLQJ# WR# HDFK# IXWXUH0
\HDU2VFHQDULR#VLPXODWLRQ#ZLWK#WKRVH#IRU#WKH#EDVH0\HDU
VLPXODWLRQ#+4<<3,1##([DPSOHV#RI#WKLV#FRPSDULVRQ#DUH
LOOXVWUDWHG#XVLQJ# LVRSOHWK#SORWV# IRU#PD[LPXP#R]RQH
FRQFHQWUDWLRQ#LQ#)LJXUHV#&05#DQG#&061 ##7KHVH#LVRSOHWK4

SORWV# FRUUHVSRQG# WR# 4<<8# VLPXODWLRQ# SHULRG# DQG
GHSLFW#GLIIHUHQFHV##LQ#PD[LPXP#R]RQH#FRQFHQWUDWLRQ
IRU#48#-XO\#EHWZHHQ##WKH#4<<3#EDVHOLQH#DQG#WKH#5343
3UH0# DQG# 5343# 3RVW0&$$$# VFHQDULRV/# UHVSHFWLYHO\1
7KH#GLIIHUHQFHV#DUH#FDOFXODWHG#DV#VFHQDULR#PLQXV#EDVH/
VR#WKDW#QHJDWLYH#YDOXHV#LQGLFDWH#ORZHU#FRQFHQWUDWLRQV
IRU#WKH#IXWXUH0\HDU#VFHQDULR1##7KHVH#SORWV#LQGLFDWH#WKDW
IRU# 5343# WKH# 3UH0&$$$# VLPXODWLRQ# UHVXOWV# DUH
FKDUDFWHUL]HG#E\#LQFUHDVHV#LQ#R]RQH/#ZKLOH#WKH#3RVW0
&$$$# UHVXOWV# VKRZ# GHFUHDVHV# LQ# R]RQH1# # 6LPLODU
UHVXOWV#ZHUH#IRXQG#IRU#ERWK#IXWXUH#\HDUV#DQG#IRU#ERWK
HSLVRGHV#PRGHOHG#+6$,/#4<<<,1##7KH#LQFUHDVHV#RFFXU
RYHU#WKH#PLG0#DQG#VRXWKHUQ#VHFWLRQV#RI#WKH#GRPDLQ
ZKLOH#WKH#GHFUHDVHV#DUH#PRUH#ZLGHVSUHDG1##%RWK#WKH

)RU#PDQ\#RI# WKH# ILJXUHV# LQ# WKLV# DSSHQGL[# WKH#3UH0&$$$4

VFHQDULR#DQG#3RVW0&$$$#6FHQDULR#DUH#UHIHUUHG#WR#DV#3UH0&$$$<3
DQG#SRVW#&$$$<3/#UHVSHFWLYHO\1#
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LQFUHDVHV# DQG# GHFUHDVHV# DUH# ODUJHU# DQG# PRUH H[WHQGLQJ# IURP# 459# GHJUHHV# ZHVW# ORQJLWXGH# WR# 99
ZLGHVSUHDG#IRU#53431 GHJUHHV#ZHVW# ORQJLWXGH/#DQG# IURP# 57#GHJUHHV#QRUWK

,W#LV#DOVR#XVHIXO#WR#GLUHFWO\#FRPSDUH#WKH#3UH0#DQG
3RVW0&$$$#VLPXODWLRQ#UHVXOWV# IRU#HDFK# IXWXUH#\HDU1
7KLV# JLYHV# D# GLUHFW# LQGLFDWLRQ#RI# WKH# HIIHFWV#RI# WKH
&$$$#RQ#WKH#VLPXODWHG#R]RQH#FRQFHQWUDWLRQV1##)RU
H[DPSOH/# )LJXUH# &07# LOOXVWUDWHV# WKH# GLIIHUHQFHV# LQ
PD[LPXP#VLPXODWHG#R]RQH#FRQFHQWUDWLRQ#EHWZHHQ#WKH
3UH0#DQG#3RVW0&$$$#VLPXODWLRQV#IRU#5343#IRU#WKH#48
-XO\#4<<8#VLPXODWHG#R]RQH#HSLVRGH1##7KH#GLIIHUHQFHV
DUH#FDOFXODWHG#DV#3RVW0&$$$#PLQXV#3UH0&$$$/# VR
WKDW#QHJDWLYH#YDOXHV#LQGLFDWH#ORZHU#FRQFHQWUDWLRQV#IRU
WKH#3RVW0&$$$#VFHQDULR1# # ,Q#JHQHUDO# WKH# UHVXOWV#RI
WKHVH# FRPSDULVRQV# LQGLFDWH# WKDW# H[FHSW# IRU# LVRODWHG
LQFUHDVHV# +VLQJOH# JULG# FHOOV,/# WKH# VLPXODWHG# GDLO\
PD[LPXP#R]RQH#FRQFHQWUDWLRQV#IRU#WKH#3RVW0&$$$
VFHQDULR#DUH#ORZHU#WKDQ#WKH#FRUUHVSRQGLQJ#3UH0&$$$
YDOXHV#IRU#ERWK#IXWXUH#\HDUV1##7KH#VSDWLDO#H[WHQW#RI#WKH
GHFUHDVHV#LV#JUHDWHU#IRU#53431#

Regional-Scale Modeling of the
Western U.S.

$SSOLFDWLRQ#RI#WKH#8$009#PRGHOLQJ#V\VWHP#WR
WKH#ZHVWHUQ#8161#XWLOL]HG#LQSXWV#IURP#WKH#UHJLRQDO0VFDOH
DSSOLFDWLRQ# RI#5(06$'# +DV# GHVFULEHG# LQ# WKH# QH[W
VHFWLRQ# RI# WKLV# UHSRUW,1# # 7KH# REMHFWLYH# RI# WKLV
DSSOLFDWLRQ# ZDV# WR# SURYLGH# UHJLRQDO0VFDOH# R]RQH
FRQFHQWUDWLRQ# HVWLPDWHV# IRU# WKRVH# DUHDV# WKDW# DUH
QHLWKHU# LQFOXGHG# LQ# WKH#27$*# GRPDLQ# QRU# LQ# WKH
XUEDQ0VFDOH#DQDO\VHV1##7KH#DSSOLFDWLRQ#SURFHGXUHV#DQG
PRGHOLQJ#UHVXOWV#DUH#VXPPDUL]HG#LQ#WKLV#VHFWLRQ1

UAM-V Application Procedures for
the Western U.S.

Modeling Domain

7KH#PRGHOLQJ#GRPDLQ#XVHG#WR#REWDLQ#UHVXOWV#IRU
WKH# ZHVWHUQ# 8161# LV# LGHQWLFDO# WR# WKDW# XVHG# IRU
DSSOLFDWLRQ# RI# WKH# 5(06$'#PRGHOLQJ# V\VWHP# +DV
GHVFULEHG#LQ#WKH#IROORZLQJ#VHFWLRQ#RI#WKLV#UHSRUW,#IRU
WKH#300UHODWHG#DQDO\VLV#RI#WKH#&$$$1##7KH#PRGHOLQJ
GRPDLQ# HQFRPSDVVHV# WKH# FRQWLJXRXV# 7;# VWDWHV/

ODWLWXGH#WR#85#GHJUHHV#QRUWK#ODWLWXGH1##$#JULG#FHOO#VL]H
RI#526#ORQJLWXGH#E\#425#ODWLWXGH#+DSSUR[LPDWHO\#89#E\
89#NP,#UHVXOWV#LQ#D#<3#E\#88#JULG#+7/<83#FHOOV,#IRU#HDFK
YHUWLFDO#OD\HU1##(LJKW#YHUWLFDO#OD\HUV#ZHUH#XVHG1##1RWH
WKDW# DOWKRXJK# WKH# GRPDLQ# LQFOXGHV# WKH# HQWLUH
FRQWLJXRXV# 7;# VWDWHV/# UHVXOWV# XVLQJ# WKLV# GRPDLQ
FRQILJXUDWLRQ# ZHUH# RQO\# XVHG# WR# HVWLPDWH# R]RQH
FRQFHQWUDWLRQV#IRU#WKH#ZHVWHUQ#VWDWHV1

Simulation Period

)RU# WKH# ZHVWHUQ# 8161/# WKH# VLPXODWLRQ# SHULRG
LQFOXGHG# 4043# -XO\# 4<<31# # $V# QRWHG# HDUOLHU/# WKLV
VLPXODWLRQ#SHULRG#ZDV#VHOHFWHG#WR#DFFRPPRGDWH#XVH#RI
WKH#5(06$'# LQSXWV#DQG/# WKHUHIRUH/#UHSUHVHQWV# WKH
VXPPHUWLPH#VLPXODWLRQ#SHULRG#IRU#30#PRGHOLQJ#RI
WKH#ZHVWHUQ#8161##7KLV#SHULRG#LV#FKDUDFWHUL]HG#E\#KLJK
R]RQH#FRQFHQWUDWLRQV#+LQ#H[FHVV#RI#WKH#40KRXU#R]RQH
1$$46,#LQ#WKH#/RV#$QJHOHV#DUHD#RQ#DOO#GD\V/#DQG#LQ
WKH#6DQ#-RDTXLQ#9DOOH\#RQ#<#DQG#43#-XO\1##5HODWLYHO\
KLJK# FRQFHQWUDWLRQV#ZHUH# DOVR#REVHUYHG# LQ# WKH#6DQ
)UDQFLVFR#%D\#$UHD/#WKH#6DFUDPHQWR#9DOOH\/#WKH#6DQ
'LHJR#DUHD/#DQG#'HQYHU1##7KURXJKRXW#WKH#UHPDLQGHU
RI#WKH#GRPDLQ/#FRQFHQWUDWLRQV#W\SLFDOO\#GLG#QRW#H[FHHG
433# SSE1# # 7KH# VLPXODWLRQ# SHULRG# LQFOXGHV# WKUHH
LQLWLDOL]DWLRQ# +RU#VWDUW0XS,#GD\# WKDW#ZHUH# LQFOXGHG# WR
OLPLW# WKH# LQIOXHQFH# RI# WKH# LQLWLDO# FRQGLWLRQV# RQ# WKH
VLPXODWLRQ#UHVXOWV1

Input Preparation

3UHSDUDWLRQ# RI# WKH# PRGHO0UHDG\# HPLVVLRQ
LQYHQWRULHV#IRU#WKLV#DSSOLFDWLRQ#XWLOL]HG#WKH#VDPH#GDWD
DQG# IROORZHG# WKH# VDPH# SURFHGXUHV# RXWOLQHG# LQ# WKH
SUHYLRXV#VHFWLRQ#RI#WKLV#UHSRUW1##(PLVVLRQV#WRWDOV#IRU
WKH#EDVH0#DQG# IXWXUH0\HDU#VFHQDULRV#DUH#SURYLGHG# LQ
7DEOH#&05#IRU#92&/#12 /#92&/#DQG#&21[

7KH# PHWHRURORJLFDO/# DLU# TXDOLW\/# DQG# ODQG0XVH
UHODWHG# LQSXWV#ZHUH# LGHQWLFDO# WR# WKRVH# XVHG# IRU# WKH
DSSOLFDWLRQ#RI#WKH#5(06$'#PRGHOLQJ#V\VWHP#WR#WKH
ZHVWHUQ#8161##7KH#UHDGHU#LV#UHIHUUHG#WR#6HFWLRQ#7#RI
WKLV#UHSRUW#IRU#D#GHVFULSWLRQ#RI#WKHVH#LQSXWV#DQG#LQSXW
SUHSDUDWLRQ#SURFHGXUHV1
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Table C-2
Emission Totals by Component for each Scenario for the Entire U.S. (tpd).

VOC

Base 1990 CAAA CAAA CAAA CAAA
2000 Pre- 2000 Post- 2010 Pre- 2010 Post-

Area 33,972 39,154 27,620 43,708 28,575 

Onroad Mobile 18,659 16,454 10,683 18,776 8,804 

Point 9,503 10,298 8,457 11,606 9,454 

Utility 96 85 85 134 137 

Total 62,229 65,991 46,845 74,224 46,970

NOx

Base 1990 CAAA CAAA CAAA CAAA
2000 Pre- 2000 Post- 2010 Pre- 2010 Post-

Area 13,766 15,659 15,252 17,697 15,794 

Onroad Mobile 20,399 20,660 17,421 24,142 14,696 

Point 7,964  8,694 5,645 9,803 5,985 

Utility 20,188 22,787 11,170 24,808 10,319 

Total  62,316  67,800  49,487  76,450  46,793

CO

Base 1990 CAAA CAAA CAAA CAAA
2000 Pre- 2000 Post- 2010 Pre- 2010 Post-

Area 70,069 80,679  79,155 90,198  88,240 

Onroad Mobile  171,181 142,346 103,332 153,706 92,058 

Point 16,478 18,257 18,257 20,210 20,210 

Utility  861  796  804  1,243  1,269 

Total  258,589 242,078 201,547 265,357 201,777 

UAM-V Simulation Results for the
Western U.S.

Model Performance

0RGHO#SHUIRUPDQFH#IRU#R]RQH#ZDV#DVVHVVHG#IRU
WKH# HQWLUH#ZHVWHUQ# UHJLRQ# DQG# IRU# ILYH# VXEUHJLRQV1
0RGHO#SHUIRUPDQFH#ZDV#HYDOXDWHG#WKURXJK#JUDSKLFDO
FRPSDULVRQ#RI#WKH#VLPXODWHG#DQG#REVHUYHG#UHJLRQDO
DQG# VXEUHJLRQDO# PD[LPXP# R]RQH# FRQFHQWUDWLRQ
SDWWHUQV#DQG#YDOXHV1##4XDQWLWDWLYH#PHDVXUHV#RI#PRGHO
SHUIRUPDQFH#ZHUH#FDOFXODWHG#RQ#D#VXEUHJLRQDO#EDVLV/

DOWKRXJK#W\SLFDO#PRGHO#SHUIRUPDQFH#FULWHULD#DUH#QRW
DSSOLFDEOH# IRU# WKH#JULG# UHVROXWLRQ#DQG#GRPDLQ#VFDOH
XVHG#IRU#WKLV#DQDO\VLV1##2YHUDOO/#WKH#UHVXOWV#LQGLFDWH#WKDW
R]RQH# FRQFHQWUDWLRQV# LQ# WKH# ZHVWHUQ# 8161# DUH
VRPHZKDW#XQGHUHVWLPDWHG/# UHODWLYH# WR# WKH#REVHUYHG
YDOXHV1##2Q#D#VXEUHJLRQDO#EDVLV/#WKH#UHVXOWV#YDU\#IURP
GD\#WR#GD\#DQG#FDQ#EH#FKDUDFWHUL]HG#DV#IROORZV=

üüüü 6RXWKHUQ#&DOLIRUQLD#&RDVW=#*URVV#FRQFHQWUD0
WLRQ#JUDGLHQWV#DUH#GLUHFWLRQDOO\#UHSUHVHQWHG#LQ
WKH# VLPXODWLRQ# UHVXOWV/# ZLWK# ORZHU# YDOXHV
DORQJ# WKH# FRDVW# DQG# KLJKHU# R]RQH# LQODQG1
+RZHYHU/#WKH#UHVROXWLRQ#LV#QRW#VXIILFLHQW#WR
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UHVROYH#HYHQ#WKH#KLJKHU#YDOXHV#ZLWKLQ#WKH#/RV IHZ#LVRODWHG#VLWHV#IRU#ZKLFK#PD[LPXP#R]RQH
$QJHOHV# %DVLQ1# # 7KH# PD[LPXP# VLPXODWHG LV# UHDVRQDEO\#ZHOO# VLPXODWHG# +WKH# REVHUYHG
YDOXH# RQ# DQ\# GD\# LV# ;6# SSE/# ZKLOH# WKH FRQFHQWUDWLRQV#DUH#ORZ,1##7KH#QRUPDOL]HG#ELDV
PD[LPXP#REVHUYHG#YDOXH#H[FHHGV#433#SSE#+DW UDQJHV#IURP#DSSUR[LPDWHO\#08#WR#47#SHUFHQW1
D#QXPEHU#RI#WKH#VLWHV#ZLWKLQ#WKH#UHJLRQ,#RQ 7KH#QRUPDOL]HG#JURVV#HUURU# LV# OHVV# WKDQ# 73
DQ\# JLYHQ# GD\# RI# WKH# VLPXODWLRQ# SHULRG1 SHUFHQW1##5HVXOWV#IRU#3KRHQL[#ZHUH#QRW#XVHG
5HVXOWV#FRUUHVSRQGLQJ#WR#/RV#$QJHOHV#ZHUH LQ#WKH#VXEVHTXHQW#DQDO\VLV1
QRW# XVHG# LQ# VXEVHTXHQW# SRUWLRQV# RI# WKH
DQDO\VLV1# üüüü 0RQWDQD2,GDKR2:\RPLQJ2#:HVWHUQ#3RUWLRQ

ü 1RUWKHUQ#&DOLIRUQLD26RXWKHUQ#2UHJRQ2&HQW0 FRQFHQWUDWLRQV# DUH# QRW# ZHOO# UHSUHVHQWHG/
UDO# DQG#:HVWHUQ#1HYDGD=# 6LPXODWHG# R]RQH KRZHYHU/#WKH#VLPXODWHG#YDOXHV#DUH#JHQHUDOO\
FRQFHQWUDWLRQV# WHQG# WR# EH# ORZHU# WKDQ FRQVLVWHQW#ZLWK#WKH#OLPLWHG#REVHUYDWLRQV1##7KH
REVHUYHG# LQ#WKH#6DFUDPHQWR#9DOOH\#DQG#6DQ QRUPDOL]HG# ELDV# UDQJHV# IURP# ]HUR# WR
-RDTXLQ#9DOOH\#DV#ZHOO#DV#+WRZDUG#WKH#HQG#RI DSSUR[LPDWHO\#63#SHUFHQW1# #7KH#QRUPDOL]HG
WKH#VLPXODWLRQ#SHULRG,#WKH#HDVWHUQ#SRUWLRQ#RI HUURU# LV#JUHDWHU#WKDQ#68#SHUFHQW#IRU#IRXU#RI
WKH#6DQ#)UDQFLVFR#%D\#$UHD1##'DLO\#PD[LPXP WKH#VLPXODWLRQ#GD\V1
VLPXODWHG#R]RQH# FRQFHQWUDWLRQV# LQ# WKH# 6DQ
-RDTXLQ#9DOOH\#UDQJH#IURP#DSSUR[LPDWHO\#93 ü 1RWH#RQ#WKH#(DVWHUQ#8161=#0D[LPXP#VLPXOD0
WR#;9#SSE1##2EVHUYHG#YDOXHV#JUHDWHU#WKDQ#RU WHG# R]RQH# FRQFHQWUDWLRQV# UDQJH# IURP
HTXDO#WR#433#SSE#ZHUH#UHFRUGHG#GXULQJ#:043 DSSUR[LPDWHO\# 493# WR# 583# SSE# GXULQJ# WKH
-XO\1# # 5HSUHVHQWDWLRQ# RI# WKH# REVHUYHG VLPXODWLRQ# SHULRG1# # 6LPXODWHG# SHDNV# RFFXU
FRQFHQWUDWLRQ#SDWWHUQ# LPSURYHV#WKURXJKRXW RYHU#%DWRQ#5RXJH/#+RXVWRQ/#6W1#/RXLV/#DQG
WKH# VLPXODWLRQ# SHULRG1# # &RQFHQWUDWLRQV# DW $WODQWD#ZLWK#VRPH#KLJK#YDOXHV#DORQJ#WKH#1(
PRQLWRUV#LQ#2UHJRQ#DQG#1HYDGD#DUH#JHQHUDOO\ FRUULGRU1# #7KHVH# YDOXHV# KDYH# QRW# \HW# EHHQ
ZHOO#UHSUHVHQWHG1# #5HVXOWV#FRUUHVSRQGLQJ#WR FRPSDUHG#ZLWK#REVHUYDWLRQV/#EXW#VLPXODWHG
QRUWKHUQ# &DOLIRUQLD# ZHUH# QRW# XVHG# LQ# WKH R]RQH#FRQFHQWUDWLRQV#DUH#PXFK#KLJKHU#LQ#WKH
VXEVHTXHQW#DQDO\VLV1 HDVW#WKDQ#LQ#WKH#ZHVW1##

üüüü 3DFLILF#1RUWKZHVW2(DVWHUQ#:DVKLQJWRQ=#/RZ ,Q#JHQHUDO/#WKH#FRDUVH#UHVROXWLRQ#OLPLWV#WKH#DELOLW\
REVHUYHG#R]RQH#FRQFHQWUDWLRQV#DUH#VOLJKWO\#WR RI#WKH#PRGHOLQJ#V\VWHP#WR#UHVROYH#SHDN#FRQFHQWUDWLRQV
PRGHUDWHO\#RYHUHVWLPDWHG#WKURXJK#:#-XO\#DQG DQG/#LQ#VRPH#FDVHV/#FRQFHQWUDWLRQ#JUDGLHQWV#+VXFK#DV
XQGHUHVWLPDWHG# +LQ#VRPH#FDVHV# MXVW#VOLJKWO\, WKRVH#WKDW#RFFXU#DORQJ#WKH#FRDVW#RI#&DOLIRUQLD,1##%DVHG
IRU# ;043# -XO\1# # )RU# GD\V# ZLWK# R]RQH RQ#WKHVH#UHVXOWV/#LW#ZDV#GHFLGHG#WKDW#WKH#ZHVWHUQ#R]RQH
FRQFHQWUDWLRQV# JUHDWHU# WKDQ# 73# SSE/# WKH PRGHOLQJ# UHVXOWV# FRXOG#EH#XVHG# WR# FKDUDFWHUL]H# WKH
QRUPDOL]HG#ELDV#UDQJHV#IURP#DSSUR[LPDWHO\#0 UHJLRQDO0VFDOH# FRQFHQWUDWLRQ# FKDQJHV# EXW#ZRXOG# EH
45#WR#53#SHUFHQW1##7KH#QRUPDOL]HG#JURVV#HUURU VXSSOHPHQWHG#ZLWK# KLJKHU# UHVROXWLRQ#PRGHOLQJ# IRU
LV#OHVV#WKDQ#DERXW#6;#SHUFHQW1 /RV# $QJHOHV/# WKH# 6DQ# )UDQFLVFR# %D\# $UHD# +DQG

ü )RXU# &RUQHUV# 6WDWHV=# 0D[LPXP# R]RQH
FRQFHQWUDWLRQ#LQ#3KRHQL[/#/DV#9HJDV/#DQG#6DOW 6LPXODWHG#DQG#REVHUYHG#FRQFHQWUDWLRQV#IRU#WZR#RI
/DNH#&LW\#DUH#UHDVRQDEO\#ZHOO#UHSUHVHQWHG#LQ WKH#PRGHOLQJ#GD\V#+7#DQG#;#-XO\#4<<3,#ZHUH#FRPSDUHG
WKH#VLPXODWLRQ#UHVXOWV1##&RQFHQWUDWLRQV#IRU#WKH E\#6$,#+4<<<,1##7KH#GLIIHUHQFHV#EHWZHHQ#WKH#VLPXODWHG
'HQYHU# DUH# FRQVLVWHQWO\# XQGHUHVWLPDWHG1 DQG#REVHUYHG#YDOXHV#DUH#W\SLFDOO\#ODUJHU#WKDQ#WKRVH#IRU
7KRVH#IRU#$OEXTXHUTXH#DQG#(O#3DVR#DUH#ZHOO WKH#27$*#VLPXODWLRQV#+SRVVLEO\#GXH#WR#WKH#FRDUVHU
UHSUHVHQWHG# IRU# FHUWDLQ# RI# WKH# GD\V# DQG JULG# UHVROXWLRQ,# DQG# UHSUHVHQW# ERWK# XQGHU0# DQG
XQGHUHVWLPDWHG#IRU#RWKHUV1##7KHUH#DUH#DOVR#D RYHUHVWLPDWLRQ# RI# WKH# PD[LPXP# REVHUYHG

RI# 'DNRWDV=# 'D\0WR0GD\# GLIIHUHQFHV# LQ

SRUWLRQV#RI#QRUWKHUQ#&DOLIRUQLD,/#DQG#3KRHQL[1#
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FRQFHQWUDWLRQV1# # 8QGHUHVWLPDWLRQ# RI# WKH# KLJKHU LQFUHDVHV#LQ#WKH#6DQ#)UDQFLVFR#%D\#$UHD/#/RV#$QJHOHV/
FRQFHQWUDWLRQV# LV# SUHYDOHQW# IRU# QHDUO\# DOO# RI# WKH DQG#6HDWWOH1##7KH#VLPXODWLRQ#UHVXOWV#VXJJHVW#WKDW#12
VLPXODWLRQ#GD\V1 UHGXFWLRQV#ZLWKLQ# WKHVH# DUHDV# DUH#GLVEHQHILFLDO#ZLWK

,Q#DGGLWLRQ/#D#FRPSDULVRQ#RI#PHDQ#VLPXODWHG#DQG WR# WKH# UHGXFHG# R]RQH# WLWUDWLRQ# WKDW# RFFXUV# LQ# WKH
REVHUYHG#YDOXHV#E\#6$,#VKRZHG#WKDW/#ZKLOH#WKH#KLJKHVW VLPXODWLRQ#ZKHQ#12 #HPLVVLRQV#DUH#UHGXFHG1##7KLV
YDOXHV#DUH#XQGHUHVWLPDWHG/#WKH#PHDQ#VLPXODWHG#YDOXHV SKHQRPHQRQ# LV# PRVW# IUHTXHQWO\# DSSDUHQW# LQ# DUHD
DUH# VOLJKWO\#JUHDWHU# WKDQ# WKH#REVHUYHG#PHDQV# # +6$,/ ZKHUH# 12 # HPLVVLRQV# DUH# ODUJH# UHODWLYH# WR# 92&
4<<<,1 HPLVVLRQV#+92&0OLPLWHG#DUHDV,1

7KH# PRGHO# SHUIRUPDQFH# HYDOXDWLRQ# IRU# WKH
ZHVWHUQ#R]RQH#PRGHOLQJ#DSSOLFDWLRQ#VXJJHVWV#WKDW#WKH
PRGHOLQJ# UHVXOWV# FDQ#EH#XVHG# IRU# WKH# UHJLRQDO0VFDOH
DQDO\VLV1##$OWKRXJK#WKH#SHDN#FRQFHQWUDWLRQV#WHQG#WR#EH
XQGHUHVWLPDWHG/# WKHUH# LV# QRW# D# XQLIRUP# ELDV# LQ# WKH
UHSUHVHQWDWLRQ#RI#WKH#GDLO\#PD[LPD1##,Q#DGGLWLRQ/#WKH
PHDQ#YDOXHV#DUH#IDLUO\#ZHOO#FKDUDFWHUL]HG1##

UAM-V Modeling Results

7KH#8$009#VLPXODWLRQ#UHVXOWV#FRUUHVSRQGLQJ#WR
WKH# 3UH0# DQG# 3RVW0&$$$# VFHQDULRV# IRU# 5343# DUH
FRPSDUHG#WR#WKH#EDVH0\HDU#YDOXHV#LQ#)LJXUHV#&08#DQG
&09/# UHVSHFWLYHO\1# # 7KH# LVRSOHWK# SORWV# GHSLFW# WKH
GLIIHUHQFHV# LQ#PD[LPXP#R]RQH#FRQFHQWUDWLRQ# IRU# ;
-XO\#EHWZHHQ#WKH#EDVH#+4<<3,#VLPXODWLRQ#DQG#WKH#5343
3UH0#DQG#3RVW0&$$$#VLPXODWLRQV/#UHVSHFWLYHO\1##7KH
GLIIHUHQFHV#DUH#FDOFXODWHG#DV#VFHQDULR#PLQXV#EDVH/#VR
WKDW#QHJDWLYH#YDOXHV#LQGLFDWH#ORZHU#FRQFHQWUDWLRQV#IRU
WKH#IXWXUH0\HDU#VFHQDULR1####6LPLODU#UHVXOWV#ZHUH#IRXQG
IRU# ERWK# IXWXUH# \HDUV# PRGHOHG# +6$,/# 4<<<,# DQG
LQGLFDWH#LQFUHDVHV#LQ#GDLO\#PD[LPXP#R]RQH#IRU#ODUJH
SRUWLRQV#RI# WKH#ZHVWHUQ#8161#ZLWK# VPDOOHU# DUHDV#RI
GHFUHDVH# +H1J1/# RYHU# &DOLIRUQLD,# IRU# WKH# 3UH0&$$$
VFHQDULR1# #)RU# WKH#3RVW0&$$$# VFHQDULRV/# WKH#SORWV
LQGLFDWH# ZLGHVSUHDG# GHFUHDVHV# ZLWK# VPDOO# DUHDV# RI
LQFUHDVH1

$# FRPSDULVRQ# RI# WKH# 3UH0# DQG# 3RVW0&$$$
VLPXODWLRQ#UHVXOWV#IRU#5343#LV#SURYLGHG#LQ#)LJXUH#&0:1
7KH#GLIIHUHQFHV#DUH#FDOFXODWHG#DV#3RVW0&$$$#PLQXV
3UH0&$$$/# VR# WKDW# QHJDWLYH# YDOXHV# LQGLFDWH# ORZHU
FRQFHQWUDWLRQV# IRU# WKH#3RVW0&$$$# VFHQDULR1# #7KLV
FRPSDULVRQ#LQGLFDWHV#ORZHU#R]RQH#FRQFHQWUDWLRQV#IRU
WKH#3RVW0&$$$#VFHQDULR#FRPSDUHG#WR#WKH#3UH0&$$$
VFHQDULR#RYHU#PRVW#RI# WKH#ZHVWHUQ#8161/#ZLWK#VRPH

[

UHVSHFW#WR#R]RQH#DLU#TXDOLW\1##7KLV#LV#OLNHO\#DWWULEXWDEOH

[#

[

Urban-Scale Modeling of the San
Francisco Bay Area

+LJK0UHVROXWLRQ/#XUEDQ0VFDOH#PRGHOLQJ#RI#WKH#6DQ
)UDQFLVFR#%D\#$UHD#+QRUWKHUQ#&DOLIRUQLD,#ZDV#LQWHQGHG
WR# SURYLGH# DQ# LPSURYHG# EDVLV# +FRPSDUHG# WR# WKH
UHJLRQDO0VFDOH#DSSOLFDWLRQ#RI#8$009#IRU#WKH#ZHVWHUQ
8161,#IRU#WKH#HVWLPDWLRQ#RI#IXWXUH0\HDU#R]RQH#SURILOHV
IRU#WKH#%D\#$UHD#DQG#SRUWLRQV#RI#QRUWKHUQ#&DOLIRUQLD1
:LWK# WKH#H[FHSWLRQ#RI# WKH#HPLVVLRQ# LQYHQWRULHV/#DOO
LQSXWV#IRU#WKLV#DSSOLFDWLRQ#ZHUH#REWDLQHG#IURP#WKH#%D\
$UHD#$LU#4XDOLW\#0DQDJHPHQW#'LVWULFW#+%$$40',/
DQG#XVHG#E\#SHUPLVVLRQ1##7KH#DSSOLFDWLRQ#SURFHGXUHV
DQG#PRGHOLQJ#UHVXOWV#DUH#VXPPDUL]HG#LQ#WKLV#VHFWLRQ1

UAM-V Application Procedures for
the San Francisco Bay Area

Modeling Domain

7KH#PRGHOLQJ#GRPDLQ#IRU#WKLV#DSSOLFDWLRQ#RI#WKH
8$009#PRGHOLQJ#V\VWHP#LQFOXGHV#WKH#6DQ#)UDQFLVFR
%D\#$UHD/#WKH#0RQWHUUH\#%D\#$UHD/#6DFUDPHQWR/#DQG
D#SRUWLRQ#RI#WKH#6DQ#-RDTXLQ#9DOOH\1##7KH#ORFDWLRQ#DQG
JHRJUDSKLFDO# H[WHQW# RI# WKH# GRPDLQ# LV# LOOXVWUDWHG# LQ
)LJXUH# &0;1# # 7KH# GRPDLQ# FRQVLVWV# RI# 435# E\# 435
KRUL]RQWDO#JULG#FHOOV#ZLWK#D#JULG#VSDFLQJ#RI#7#NP1##,W
DOVR#LQFOXGHV#49#YHUWLFDO#OD\HUV1#

Simulation Period

7KH# VLPXODWLRQ# SHULRG# IRU# WKH# DSSOLFDWLRQ# WR
QRUWKHUQ#&DOLIRUQLD#LV#609#$XJXVW#4<<31##7KLV#HSLVRGH
SHULRG#RFFXUUHG#GXULQJ# WKH#6DQ# -RDTXLQ#9DOOH\#$LU
4XDOLW\#6WXG\#DQG#ZDV#FKDUDFWHUL]HG#E\#PRGHUDWH#WR
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KLJK#R]RQH#FRQFHQWUDWLRQV#LQ#WKH#6DQ#)UDQFLVFR#%D\
$UHD#RQ#8#DQG#9#$XJXVW/#DQG#LQ#WKH#6DFUDPHQWR#DUHD
DQG#WKH#6DQ#-RDTXLQ#9DOOH\#RQ#7/#8/#DQG#9#$XJXVW1##7KH
REVHUYHG#SHDN#LQ#WKH#%D\#$UHD#ZDV#453#SSE/#ZKLOH#WKDW
IRU#WKH#RWKHU#WZR#PRUH#LQODQG#DUHDV#UHDFKHG#483#SSE1
7KH#VLPXODWLRQ#SHULRG#LQFOXGHV#RQH#LQLWLDOL]DWLRQ#+RU
VWDUW0XS,#GD\#WKDW#ZDV#LQFOXGHG#WR#OLPLW#WKH#LQIOXHQFH
RI#WKH#LQLWLDO#FRQGLWLRQV#RQ#WKH#VLPXODWLRQ#UHVXOWV1

Input Preparation

3UHSDUDWLRQ# RI# WKH# PRGHO0UHDG\# HPLVVLRQ
LQYHQWRULHV#IRU#WKLV#DSSOLFDWLRQ#XWLOL]HG#WKH#VDPH#GDWD
DQG# IROORZHG# WKH# VDPH# SURFHGXUHV# RXWOLQHG# LQ# WKH
SUHYLRXV#VHFWLRQ#RI#WKLV#UHSRUW1##(PLVVLRQV#WRWDOV#IRU
WKH#EDVH0#DQG# IXWXUH0\HDU# VFHQDULRV#DUH#SURYLGHG# LQ
7DEOH# &06# IRU# 92&/# 12 /# DQG# &21# 7KLV# WDEOH[
LQGLFDWHV# D# GRZQZDUG# WUHQG# LQ# HPLVVLRQV# +EHWZHHQ
4<<3#DQG#5333,#IROORZHG#E\#DQ#XSZDUG#WUHQG#+EHWZHHQ
5333# DQG# 5343,# IRU# WKH#3UH0&$$$# VFHQDULR1# #7KH
LQFUHDVHV#DUH#DWWULEXWDEOH#WR#DUHD0#VRXUFH#DQG#PRWRU0
YHKLFOH# HPLVVLRQV# +L1H1/# LQFUHDVHV# LQ# SRSXODWLRQ# DQG
YHKLFOH#PLOHV# WUDYHOHG,1# #(PLVVLRQV# IRU#ERWK# IXWXUH
\HDUV#DUH#ORZHU#WKDQ#WKH#EDVH0\HDU#IRU#WKH#3RVW0&$$$
VFHQDULR1# # 7KH# GHFUHDVHV# DUH# SULPDULO\# GXH# WR# D
UHGXFWLRQ#LQ#PRWRU0YHKLFOH#HPLVVLRQV1#

7KH# PHWHRURORJLFDO/# DLU# TXDOLW\/# DQG# ODQG0XVH
UHODWHG#LQSXWV#ZHUH#SUHSDUHG#E\#WKH#%$$40'#IRU#XVH
LQ#WKHLU#6,3#PRGHOLQJ#DQDO\VLV1##'RFXPHQWDWLRQ#RI#WKH
LQSXW#SUHSDUDWLRQ#SURFHGXUHV#DQG#UHVXOWLQJ#LQSXWV#LV
DYDLODEOH# RQ0OLQH# +%$$40'/# 4<<;,1# # ,QLWLDO# DQG
ERXQGDU\#FRQGLWLRQV#IRU#WKH#IXWXUH0\HDU#DSSOLFDWLRQV
ZHUH#HVWLPDWHG#EDVHG#RQ#WKH#FRUUHVSRQGLQJ#HPLVVLRQ
UHGXFWLRQV#IRU#92&#DQG#12 >#IRU#R]RQH#WKH#VTXDUH[
URRW#RI#WKH#SURGXFW#RI#WKH#92&#DQG#12 #UHGXFWLRQ[
IDFWRUV#ZDV#XVHG1
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Table C-3
Emission Totals by Component for each Scenario for the San Francisco Bay Area (tpd)

VOC

Base 1990 CAAA CAAA CAAA CAAA
2000 Pre- 2000 Post- 2010 Pre- 2010 Post-

Area               783               795               644               886               698 

Onroad Mobile               900               572               223               680                 97 

Point               111               110               110               110                 93 

Utility                   1                   0                   0                   1                   1 

Total          1,795          1,477          977          1,677 889

NOx

Base 1990 CAAA CAAA CAAA CAAA
2000 Pre- 2000 Post- 2010 Pre- 2010 Post-

Area               381               407               392               458               396 

Onroad Mobile               850               827               545            1,014               337 

Point               202               197               140               197               140 

Utility                 46                   4                   4                   2                   2 

Total          1,479          1,435          1,081          1,671 874

CO

Base 1990 CAAA CAAA CAAA CAAA
2000 Pre- 2000 Post- 2010 Pre- 2010 Post-

Area            1,846            2,113            2,098            2,411            2,394 

Onroad Mobile            7,414            5,652            2,526            6,630            1,444 

Point               123               119               119               119               119 

Utility                 46                   9                 10                 26                 26 

Total          9,429          7,893          4,753          9,186          3,983 

UAM-V Simulation Results for the
San Francisco Bay Area

Model Performance

0RGHO# SHUIRUPDQFH# ZDV# HYDOXDWHG# E\# WKH
%$$40'#DV#SDUW#RI#WKHLU#6,3#PRGHOLQJ#DQDO\VLV#DQG
WKH# LQSXWV# +ZLWK# WKH# H[FHSWLRQ# RI# WKH# PRGHOLQJ
HPLVVLRQ#LQYHQWRULHV,#ZHUH#XVHG#GLUHFWO\#IRU#WKH#;45
SURVSHFWLYH# PRGHOLQJ# DQDO\VLV1# # 6VFDWWHU# SORWV
FRPSDULQJ# WKH# PD[LPXP# VLPXODWHG# DQG# REVHUYHG
R]RQH#FRQFHQWUDWLRQV##IRU#ERWK#VLPXODWLRQ#SHULRGV#DUH
DYDLODEOH#LQ#+6$,/#4<<<,1##7KHVH#FRPSDULVRQV#LQGLFDWH
JRRG#DJUHHPHQW#EHWZHHQ#WKH#VLPXODWHG#DQG#REVHUYHG

YDOXHV#ZLWK#D#WHQGHQF\#IRU#XQGHUHVWLPDWLRQ#RI#WKH#KLJK
REVHUYHG# R]RQH# FRQFHQWUDWLRQV1# #0HDQ# YDOXHV# DUH
XQGHUHVWLPDWHG#E\#DERXW#43#WR#48#SHUFHQW#RQ#DOO#GD\V/
ZKLFK#LV##ZLWKLQ#WKH#FXUUHQW#(3$#UDQJH#IRU#DFFHSWDEOH
XUEDQ0VFDOH#PRGHO#SHUIRUPDQFH#+6$,/#4<<<,1

6LQFH# JRRG# PRGHO# SHUIRUPDQFH# LV# DFKLHYHG/
UHVXOWV# RI# WKH# PRGHO# SHUIRUPDQFH# HYDOXDWLRQ# IRU
R]RQH#VXJJHVW#WKDW#WKH#8$009#PRGHOLQJ#SODWIRUP#IRU
QRUWKHUQ#&DOLIRUQLD#+LQFOXGLQJ#WKH#PHWHRURORJLFDO/#DLU
TXDOLW\/# DQG# JHRJUDSKLFDO# LQSXWV,# SURYLGHV# DQ
DSSURSULDWH# EDVLV# IRU# WKH# 6HFWLRQ# ;45# SURVSHFWLYH
PRGHOLQJ1
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UAM-V Modeling Results UAM Application Procedures for the

&RPSDULVRQ#RI#WKH##8$009#VLPXODWLRQ#UHVXOWV#IRU
WKH#3UH0#DQG#3RVW0&$$$#VFHQDULRV#ZLWK#WKH#EDVH0\HDU
YDOXHV# LQGLFDWHV#ERWK# LQFUHDVHV#DQG#GHFUHDVHV# LQ#WKH
VLPXODWHG#FRQFHQWUDWLRQV#IRU#WKH#%D\#$UHD#/#ERWK#RI
ZKLFK#DUH#JUHDWHU#LQ#PDJQLWXGH#DQG#PRUH#ZLGHVSUHDG
IRU#WKH#3RVW0&$$$#VFHQDULR#DQG#IRU#53431##,VRSOHWK
SORWV#IRU#WKH#%D\#$UHD#DUH#DYDLODEOH#LQ#+6$,/#4<<<,1

$# FRPSDULVRQ# RI# WKH# 3UH0# DQG# 3RVW0&$$$
VLPXODWLRQ#UHVXOWV#IRU#5343#LV#SURYLGHG#LQ#)LJXUH#&0<1
7KH#GLIIHUHQFHV#DUH#FDOFXODWHG#DV#3RVW0&$$$#PLQXV
3UH0&$$$/# VR# WKDW# QHJDWLYH# YDOXHV# LQGLFDWH# ORZHU
FRQFHQWUDWLRQV# IRU# WKH#3RVW0&$$$# VFHQDULR1# #7KLV
FRPSDULVRQ#LQGLFDWHV#WKDW#WKH#&$$$#UHVXOWV#LQ#KLJKHU
GDLO\#PD[LPXP# R]RQH# LQ# WKH# %D\# $UHD# EXW# ORZHU
R]RQH# WKURXJKRXW# WKH# UHPDLQGHU# RI# WKH# GRPDLQ1
6LPLODU# UHVXOWV#ZHUH#REWDLQHG# IRU# 5333# +6$,/# 4<<<,1
7KHVH# UHVXOWV# DUH# TXDOLWDWLYHO\# FRQVLVWHQW# ZLWK# WKH
UHJLRQDO0VFDOH# PRGHOLQJ# UHVXOWV# SUHVHQWHG# LQ# WKH
SUHYLRXV#VHFWLRQ#RI#WKLV#UHSRUW1##+RZHYHU/#WKH#H[WHQW
RI#WKH#LQFUHDVHV#LV#PRUH#OLPLWHG#DQG#WKH#GHFUHDVHV#DUH
JUHDWHU#LQ#WKH#UHILQHG#PRGHOLQJ1##1RWH#WKH#LQFUHDVHV
RFFXU# LQ# DUHDV# ZKHUH# WKH# EDVH0\HDU# R]RQH
FRQFHQWUDWLRQV#DUH#ORZ#WR#YHU\#ORZ1

Urban-Scale Modeling of the Los
Angeles Area

+LJK0UHVROXWLRQ/#XUEDQ0VFDOH#PRGHOLQJ#RI#WKH#/RV
$QJHOHV#DUHD#ZDV# LQWHQGHG# WR#SURYLGH#DQ# LPSURYHG
EDVLV# +FRPSDUHG#WR#WKH#UHJLRQDO0VFDOH#DSSOLFDWLRQ#RI
8$009#IRU#WKH#ZHVWHUQ#8161,#IRU#WKH#HVWLPDWLRQ#RI
IXWXUH0\HDU# R]RQH# SURILOHV# IRU# WKLV# DUHD1# #:LWK# WKH
H[FHSWLRQ#RI#WKH#HPLVVLRQ#LQYHQWRULHV/#DOO#LQSXWV#IRU
WKLV#DSSOLFDWLRQ#ZHUH#REWDLQHG#IURP#WKH#6RXWK#&RDVW
$LU#4XDOLW\#0DQDJHPHQW#'LVWULFW# +6&$40',/# DQG
XVHG#E\#SHUPLVVLRQ1##$V#QRWHG#HDUOLHU/#PRGHOLQJ#RI#WKLV
DUHD#ZDV#SHUIRUPHG#XVLQJ#WKH#8$0#PRGHOLQJ#V\VWHP1
7KH# PRGHO# IRUPXODWLRQ# LV# VLPLODU# WR# WKDW# IRU# WKH
8$009#PRGHOLQJ#V\VWHP/#EXW#ODFNV#FHUWDLQ#IHDWXUHV
WKDW# PDNH# 8$009# VXLWDEOH# IRU# UHJLRQDO0VFDOH
DSSOLFDWLRQV1# # 7KH# DSSOLFDWLRQ# SURFHGXUHV# DQG
PRGHOLQJ#UHVXOWV#DUH#VXPPDUL]HG#LQ#WKLV#VHFWLRQ1

Los Angeles Area

Modeling Domain

$SSOLFDWLRQ#RI#WKH#8$00,9#IRU#WKH#/RV#$QJHOHV
DUHD#ZDV#EDVHG#RQ#PRGHOLQJ#SHUIRUPHG#E\#6&$40'/
DV#UHSRUWHG#LQ#WKH#4<<7#$LU#4XDOLW\#0DQDJHPHQW#3ODQ
+6&$40'/# 4<<7,1# #7KH#PRGHOLQJ#GRPDLQ# IRU# WKLV
DSSOLFDWLRQ#LV#D#98#E\#73#DUUD\#RI#8#NP#UHVROXWLRQ#JULG
FHOOV1##7KH#GRPDLQ#DOVR#FRQWDLQV#8#YHUWLFDO#OD\HUV1##7KH
GRPDLQ# HQFRPSDVVHV# WKH# 6RXWK# &RDVW# $LU# %DVLQ
+6R&$%,#+IURP#/RV#$QJHOHV#WR#EH\RQG#5LYHUVLGH,#DQG
D#SRUWLRQ#RI# WKH#0RMDYH#'HVHUW1# #7KH# ORFDWLRQ#DQG
JHRJUDSKLFDO# H[WHQW# RI# WKH# GRPDLQ# LV# LOOXVWUDWHG# LQ
)LJXUH#&0;1

Simulation Period

7ZR# VLPXODWLRQ# SHULRGV# ZHUH# LQFOXGHG# LQ# WKH
PRGHOLQJ#DQDO\VLV#IRU#/RV#$QJHOHV=#56058#-XQH#4<;:
DQG# 5905;# $XJXVW# 4<;:1# # %RWK# RI# WKHVH# HSLVRGHV
RFFXUUHG# GXULQJ# WKH# 4<;:# 6RXWKHUQ# &DOLIRUQLD# $LU
4XDOLW\#6WXG\#+6&$46,1##,Q#ERWK#FDVHV/#WKH#VLPXODWLRQ
SHULRG#LQFOXGHV#RQH#LQLWLDOL]DWLRQ/#RU#VWDUW0XS/#GD\#+LQ
RUGHU# WR# UHGXFH# WKH# LQIOXHQFH# RI# WKH# VRPHZKDW
XQFHUWDLQ#LQLWLDO#FRQFHQWUDWLRQV#RQ#PRGHO#UHVXOWV,1##

Input Preparation

3UHSDUDWLRQ# RI# WKH# PRGHO0UHDG\# HPLVVLRQ
LQYHQWRULHV#IRU#WKLV#DSSOLFDWLRQ#XWLOL]HG#WKH#VDPH#GDWD
DQG# IROORZHG# WKH# VDPH# SURFHGXUHV# RXWOLQHG# LQ# D
SUHYLRXV#VHFWLRQ#RI#WKLV#UHSRUW1##(PLVVLRQV#WRWDOV#IRU
WKH#EDVH0#DQG# IXWXUH0\HDU#VFHQDULRV#DUH#SURYLGHG# LQ
7DEOH#&07#IRU#92&/#12 /#DQG#&21##7KH#3RVW0&$$$[
VFHQDULRV#DUH#FKDUDFWHUL]HG#E\# ORZHU#HPLVVLRQV#WKDQ
WKH# EDVH# \HDU# DQG# WKH# 3UH0&$$$# VFHQDULRV1# # 7KH
GLIIHUHQFHV#DUH#ODUJHO\#DWWULEXWDEOH#WR#FKDQJHV#LQ#WKH
PRWRU0YHKLFOH#HPLVVLRQV1#

7KH# PHWHRURORJLFDO/# DLU# TXDOLW\/# DQG# ODQG0XVH
UHODWHG#LQSXWV#ZHUH#SUHSDUHG#E\#WKH#6&$40'#IRU#XVH
LQ#WKHLU#6,3#PRGHOLQJ#DQDO\VLV1##7KH#UHDGHU#LV#UHIHUUHG
WR# 6&$40'# +4<<7# DQG# 4<<9,# IRU# GHWDLOHG
LQIRUPDWLRQ#RQ#WKH#LQSXW#SUHSDUDWLRQ#SURFHGXUHV#DQG
UHVXOWLQJ#LQSXWV1##,QLWLDO#DQG#ERXQGDU\#FRQGLWLRQV#IRU
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WKH#IXWXUH0\HDU#DSSOLFDWLRQV#ZHUH#HVWLPDWHG#EDVHG#RQ
WKH#FRUUHVSRQGLQJ#HPLVVLRQ#UHGXFWLRQV#IRU#92&#DQG
12 >#IRU#R]RQH#WKH#VTXDUH#URRW#RI#WKH#SURGXFW#RI#WKH[
92&#DQG#12 #UHGXFWLRQ#IDFWRUV#ZDV#XVHG1[

Table C-4
Emission Totals by Component for each Scenario for Los Angeles (tpd)

VOC

Base 1990 CAAA CAAA CAAA CAAA
2000 Pre- 2000 Post- 2010 Pre- 2010 Post-

Area               758               770               607               871               700 

Onroad Mobile            1,179               999               410            1,168               213 

Point
    Low Level 197 196 196 196 158
    Elevated 1 3 3 2 2

Total 2,135 1,968 1,216 2,237 1,073 

NOx

Base 1990 CAAA CAAA CAAA CAAA
2000 Pre- 2000 Post- 2010 Pre- 2010 Post-

Area               450               467               453               529               463 

Onroad Mobile               993            1,280               879            1,573               626 

Point
    Low Level 216 186 139 186 139
    Elevated 19 19 18 12 8

Total 1,678 1,953   1,489          2,300          1,236 

CO

Base 1990 CAAA CAAA CAAA CAAA
2000 Pre- 2000 Post- 2010 Pre- 2010 Post-

Area            1,142            1,302            1,286            1,515            1,495 

Onroad Mobile            9,046          10,043            5,046          11,278            3,728 

Point
    Low Level 208 197 197 197 197
    Elevated 2 43 44 34 35

Total        10,398        11,586          6,573        13,024          5,456 

UAM Simulation Results for the Los
Angeles Area

Model Performance

0RGHO#SHUIRUPDQFH#ZDV#HYDOXDWHG#E\#6&$40'
DV#SDUW#RI#WKHLU#6,3#PRGHOLQJ#DQDO\VLV#DQG#WKH#LQSXWV

+ZLWK# WKH# H[FHSWLRQ# RI# WKH# PRGHOLQJ# HPLVVLRQ
LQYHQWRULHV,#ZHUH#XVHG#GLUHFWO\#IRU#WKH#;45#SURVSHFWLYH
PRGHOLQJ# DQDO\VLV1# # &RPSDULVRQV# RI# PD[LPXP
VLPXODWHG#DQG#REVHUYHG#FRQFHQWUDWLRQV#IRU#HDFK#RI#WKH
VLPXODWLRQ#SHULRGV#DUH#DYDLODEOH#LQ#+6$,/#4<<<,1###7KH\
LQGLFDWH#D#WHQGHQF\#IRU#XQGHUHVWLPDWLRQ#RI#WKH#KLJK
REVHUYHG#R]RQH#FRQFHQWUDWLRQV1##7KLV#XQGHUHVWLPDWLRQ
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DOVR#VKRZV#XS#LQ#WKH#FRPSDULVRQ#RI#WKH#PHDQ#YDOXHV
+6$,/#4<<<,1

:KLOH#WKH#XUEDQ0VFDOH#UHVXOWV#DUH#PXFK#EHWWHU#WKDQ
WKRVH#REWDLQHG#ZLWK#WKH#FRDUVHU0UHVROXWLRQ#JULG/#ERWK
WKH#PD[LPXP#DQG#PHDQ#YDOXHV#DUH#XQGHUHVWLPDWHG1
)RU# WKH#SULPDU\# HSLVRGH# GD\V/# WKH#QRUPDOL]HG#ELDV
H[FHHGV# WKH# (3$# UHFRPPHQGHG# UDQJH/# ZKLOH# WKH
QRUPDOL]HG# JURVV# HUURU# LV#ZLWKLQ# DSSUR[LPDWHO\# 68
SHUFHQW1##:KLOH#WKLV#GRHV#QRW#SUHFOXGH#WKH#XVH#RI#WKHVH
UHVXOWV#IRU#WKH#;45#VWXG\/#LW#VKRXOG#EH#QRWHG#WKDW#WKH
VLPXODWHG# FKDQJHV# LQ#R]RQH#EHWZHHQ# WKH#EDVH0# DQG
IXWXUH0\HDU#VFHQDULRV#PD\#EH#LQIOXHQFHG#E\#WKH#ODFN#RI
JRRG#PRGHO# SHUIRUPDQFH1# # 8VH# RI# WKH# VLPXODWLRQ
UHVXOWV#LQ#WKH#UHODWLYH#VHQVH#+WKURXJK#WKH#FDOFXODWLRQ#RI
DGMXVWPHQW# IDFWRUV,# VKRXOG# UHGXFH# WKH# XQFHUWDLQW\/
FRPSDUHG#WR#XVH#RI#WKH#DEVROXWH#YDOXHV1

UAM Modeling Results

&RPSDULVRQ#RI#WKH##8$009#VLPXODWLRQ#UHVXOWV#IRU
WKH#3UH0#DQG#3RVW0&$$$#VFHQDULRV#ZLWK#WKH#EDVH0\HDU
YDOXHV# VKRZV# ODUJH# UHGXFWLRQV# LQ# GDLO\# PD[LPXP
R]RQH# IRU# DOO# IRXU# IXWXUH0\HDU# VFHQDULRV1# # 6RPH
LQFUHDVHV#LQ#R]RQH#DUH#VLPXODWHG#IRU#5343#IRU#WKH#3UH0
&$$$#VFHQDULR>#RYHUDOO/#WKH#H[WHQW#DQG#PDJQLWXGH#RI
WKH#UHGXFWLRQV#LV#JUHDWHU#IRU#WKH#3RVW0&$$$#VFHQDULR
IRU#ERWK#\HDUV1# # ,VRSOHWK#SORWV# IRU# WKH#/RV#$QJHOHV
DUHD#DUH#DYDLODEOH#LQ#+6$,/#4<<<,1

$# FRPSDULVRQ# RI# WKH# 3UH0# DQG# 3RVW0&$$$
VLPXODWLRQ#UHVXOWV#IRU#5343#LV#SURYLGHG#LQ#)LJXUH#&0431
7KH#GLIIHUHQFHV#DUH#FDOFXODWHG#DV#3RVW0&$$$#PLQXV
3UH0&$$$/# VR# WKDW# QHJDWLYH# YDOXHV# LQGLFDWH# ORZHU
FRQFHQWUDWLRQV# IRU# WKH#3RVW0&$$$# VFHQDULR1# #7KLV
FRPSDULVRQ# LQGLFDWHV# ORZHU# PD[LPXP# R]RQH
FRQFHQWUDWLRQV# XQGHU# WKH# 3RVW0&$$$# VFHQDULR# IRU
ERWK#\HDUV1##6PDOO#LQFUHDVHV#RFFXU#RYHU#WKH#XUEDQ#DUHD>
WKHVH#DUH#VPDOOHU#LQ#H[WHQW#DQG#PDJQLWXGH#WKDQ#IRU#WKH
UHJLRQDO#PRGHOLQJ#DSSOLFDWLRQ1# #6LPLODU# UHVXOWV#ZHUH
IRXQG#IRU#5333#+6$,/#4<<<,1

Urban-Scale Modeling of the Maricopa
County (Phoenix) Area

+LJK0UHVROXWLRQ/# XUEDQ0VFDOH# PRGHOLQJ# RI
0DULFRSD# &RXQW\/# $UL]RQD# +ZKLFK# LQFOXGHV# WKH
3KRHQL[# XUEDQ# DUHD,# ZDV# LQWHQGHG# WR# SURYLGH# DQ
LPSURYHG# EDVLV# +FRPSDUHG# WR# WKH# UHJLRQDO0VFDOH
DSSOLFDWLRQ#RI#8$009#IRU#WKH#ZHVWHUQ#8161,#IRU#WKH
HVWLPDWLRQ#RI#IXWXUH0\HDU#R]RQH#SURILOHV#IRU#WKLV#DUHD1
:LWK# WKH#H[FHSWLRQ#RI# WKH#HPLVVLRQ# LQYHQWRULHV/#DOO
LQSXWV# IRU# WKLV# DSSOLFDWLRQ#ZHUH#REWDLQHG# IURP# WKH
0DULFRSD#$VVRFLDWLRQ#RI#*RYHUQPHQWV#+0$*,/#DQG
XVHG#E\#SHUPLVVLRQ1##$V#QRWHG#HDUOLHU/#PRGHOLQJ#RI#WKLV
DUHD#ZDV#SHUIRUPHG#XVLQJ#WKH#8$0#PRGHOLQJ#V\VWHP1

UAM Application Procedures for the
Phoenix Area

Modeling Domain

7KH#PRGHOLQJ#GRPDLQ#IRU#WKH#DSSOLFDWLRQ#RI#WKH
8$0# PRGHOLQJ# V\VWHP# WR# WKH# 3KRHQL[# DUHD
HQFRPSDVVHV# WKH# XUEDQL]HG# SRUWLRQ# RI# 0DULFRSD
&RXQW\/#$UL]RQD>#WKLV#GRPDLQ#ZDV#EDVHG#RQ#WKDW#XVHG
IRU# D# SUHYLRXV# DSSOLFDWLRQ# RI# 8$0# IRU# WKH# DUHD
+'RXJODV#HW#DO1/#4<<7,1##7KH#GRPDLQ#FRQVLVWV#RI#D#77#E\
66#DUUD\#RI#5#NP#JULG#FHOOV#DQG#8#YHUWLFDO#OD\HUV1##7KH
ORFDWLRQ# DQG# JHRJUDSKLFDO# H[WHQW# RI# WKH# GRPDLQ# LV
LOOXVWUDWHG#LQ#)LJXUH#&0;1

Simulation Period

7ZR#R]RQH#HSLVRGHV#ZHUH#DOVR#VLPXODWHG#IRU#WKH
3KRHQL[#DUHD=#<043#$XJXVW#4<<5#DQG#46047#-XQH#4<<61
([FHHGDQFHV#RI#WKH#40KRXU#1$$46#IRU#R]RQH#ZHUH
UHFRUGHG# GXULQJ# ERWK# HSLVRGHV1# #(DFK# SHULRG# DOVR
LQFOXGHV#RQH#LQLWLDOL]DWLRQ#GD\1

Input Preparation

3UHSDUDWLRQ# RI# WKH# PRGHO0UHDG\# HPLVVLRQ
LQYHQWRULHV#IRU#WKLV#DSSOLFDWLRQ#XWLOL]HG#WKH#VDPH#GDWD
DQG# IROORZHG# WKH# VDPH# SURFHGXUHV# RXWOLQHG# LQ# D
SUHYLRXV#VHFWLRQ#RI#WKLV#UHSRUW1##(PLVVLRQV#WRWDOV#IRU
WKH#EDVH0#DQG# IXWXUH0\HDU#VFHQDULRV#DUH#SURYLGHG# LQ
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7DEOH#&08#IRU#92&/#12 /#DQG#&21##7KH#FKDQJHV#LQ 0HDQ#YDOXHV#DUH#ZHOO# UHSUHVHQWHG#DV#ZHOO1# #3ORWV#RI[
HPLVVLRQV# DUH# FKDUDFWHUL]HG# E\# ERWK# LQFUHDVHV# DQG WKHVH#FRPSDULVRQV#DUH#DYDLODEOH#LQ#+6$,/#4<<<,1###)RU
GHFUHDVHV/#UHIOHFWLQJ#DQ#H[SHFWHG#JURZWK#LQ#SRSXODWLRQ WKH#SULPDU\#PRGHOLQJ#GD\V/#WKH#QRUPDOL]HG#ELDV#DQG
WKDW# LV#RIIVHW#E\# IOHHW# WXUQRYHU# DQG#RWKHU# HPLVVLRQ HUURU#VWDWLVWLFV#LQGLFDWH#YHU\#JRRG#PRGHO#SHUIRUPDQFH1
UHGXFWLRQ#PHDVXUHV1 7KH# YDOXHV# DUH# OHVV# WKDQ# 8# SHUFHQW# +ELDV,# DQG# 53

7KH# PHWHRURORJLFDO/# DLU# TXDOLW\/# DQG# ODQG0XVH
UHODWHG#LQSXWV#ZHUH#SUHSDUHG#E\#'RXJODV#HW#DO1#+4<<7,1
7KH# UHDGHU# LV# UHIHUUHG# WR# WKLV# WHFKQLFDO# UHSRUW# IRU
GHWDLOHG# LQIRUPDWLRQ# RQ# WKH# LQSXW# SUHSDUDWLRQ
SURFHGXUHV#DQG#UHVXOWLQJ#LQSXWV1##,QLWLDO#DQG#ERXQGDU\
FRQGLWLRQV# IRU# WKH# IXWXUH0\HDU# DSSOLFDWLRQV# ZHUH
HVWLPDWHG# EDVHG# RQ# WKH# FRUUHVSRQGLQJ# HPLVVLRQ
UHGXFWLRQV#IRU#92&#DQG#12 >#IRU#R]RQH#WKH#VTXDUH[
URRW#RI#WKH#SURGXFW#RI#WKH#92&#DQG#12 #UHGXFWLRQ[
IDFWRUV#ZDV#XVHG1

UAM Simulation Results for the
Phoenix Area

Model Performance

0RGHO#SHUIRUPDQFH#ZDV#HYDOXDWHG#E\#0DULFRSD
$VVRFLDWLRQ#RI#*RYHUQPHQWV#+0$*,#DV#SDUW#RI#WKHLU
6,3# PRGHOLQJ# DQDO\VLV# DQG# WKH# LQSXWV# +ZLWK# WKH
H[FHSWLRQ#RI#WKH#PRGHOLQJ#HPLVVLRQ#LQYHQWRULHV,#ZHUH
XVHG# GLUHFWO\# IRU# WKH# ;45# SURVSHFWLYH# PRGHOLQJ
DQDO\VLV1# &RPSDULVRQ# RI# KRXUO\# VLPXODWHG# DQG
REVHUYHG# R]RQH# FRQFHQWUDWLRQV# LQGLFDWHV# JRRG
DJUHHPHQW#EHWZHHQ#WKH#VLPXODWHG#DQG#REVHUYHG#YDOXHV1

SHUFHQW#+HUURU,#UHVSHFWLYHO\#+6$,/#4<<<,1

7KH#PRGHO#SHUIRUPDQFH#UHVXOWV#LQGLFDWH#WKDW#WKH
8$0#PRGHOLQJ#V\VWHP#+LQFOXGLQJ#WKH#PHWHRURORJLFDO/
DLU#TXDOLW\/#DQG#ODQG0XVH#LQSXW,#DUH#DSSURSULDWH#IRU#XVH
LQ#WKH#6HFWLRQ#;45#SURVSHFWLYH#DQDO\VLV1

UAM Modeling Results

&RPSDULVRQ#RI#WKH##8$009#VLPXODWLRQ#UHVXOWV#IRU
WKH#3UH0#DQG#3RVW0&$$$#VFHQDULRV#ZLWK#WKH#EDVH0\HDU
YDOXHV#LQGLFDWHV#ERWK#LQFUHDVHV#DQG#GHFUHDVHV#IRU#WKH
3UH0&$$$#VFHQDULR#VLPXODWLRQV#DQG#ODUJH#GHFUHDVHV
IRU# WKH#3RVW0&$$$# VFHQDULR# VLPXODWLRQV1# # ,VRSOHWK
SORWV#IRU#WKH#3KRHQL[#DUHD#DUH#DYDLODEOH#LQ#+6$,/#4<<<,1

$# FRPSDULVRQ# RI# WKH# 3UH0# DQG# 3RVW0&$$$
VLPXODWLRQ#UHVXOWV#IRU#HDFK#IXWXUH#\HDU#LQGLFDWHV#WKDW
WKH#&$$$#PHDVXUHV# UHGXFH#GDLO\#PD[LPXP#R]RQH
FRQFHQWUDWLRQV# ZLWKLQ# WKH# 3KRHQL[# GRPDLQ# E\
DSSUR[LPDWHO\# 43# WR# 53#SSE# +PRUH#RU# OHVV# LQ#VRPH
DUHDV,# IRU#ERWK# IXWXUH#\HDUV1# #,VRSOHWK#SORWV# IRU# WKH
3KRHQL[#DUHD#DUH#DYDLODEOH#LQ#+6$,/#4<<<,1
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Table C-5
Emission Totals by Component for each Scenario for Phoenix (tpd)

VOC

Base 1990 CAAA CAAA CAAA CAAA
2000 Pre- 2000 Post- 2010 Pre- 2010 Post-

Area               241               310               201               369               250 

Onroad Mobile               184               215               141               231                 85 

Point
    Low Level 2 2 1 2 2
    Elevated 0 0 0 0 0

          Total         426         527       344         602         337 

NOx

Base 1990 CAAA CAAA CAAA CAAA
2000 Pre- 2000 Post- 2010 Pre- 2010 Post-

Area               213               270               259               326               290 

Onroad Mobile               151               214               174               264               147 

Point
    Low Level 1 1 1 2 2
    Elevated 0 0 0 0 0

          Total         371         485       434         592         438 

CO

Base 1990 CAAA CAAA CAAA CAAA
2000 Pre- 2000 Post- 2010 Pre- 2010 Post-

Area               684               820               795               941               907 

Onroad Mobile            1,186            2,001            1,538            1,883            1,002 

Point
    Low Level 0 0 0 0 0
    Elevated 1 1 1 1 1

          Total         1,871         2,822         2,334         2,825         1,910 
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Calculation of Ozone Air Quality
Profiles

7KH# RYHUDOO# REMHFWLYH# RI# WKH# SKRWRFKHPLFDO
PRGHOLQJ#H[HUFLVH#ZDV#WR#SURYLGH#HVWLPDWHV#RI#IXWXUH0
\HDU# R]RQH# DLU# TXDOLW\# IRU# 5333# DQG# 5343# +IRU
DVVHVVPHQW#RI# WKH#HIIHFWV#RI# WKH#&$$$,1# #7KLV#ZDV
DFFRPSOLVKHG# XVLQJ# DQ# DSSURDFK# WKDW# FRPELQHV
REVHUYHG# GDWD# DQG# DLU# TXDOLW\# PRGHOLQJ# UHVXOWV# WR
HVWLPDWH# IXWXUH0\HDU# FRQFHQWUDWLRQV1# #7KH#PHWKRG0
RORJ\#LV#GHVLJQHG#WR#SURYLGH#VLWH0VSHFLILF/#VHDVRQDO#DQG
DQQXDO# R]RQH# FRQFHQWUDWLRQ# GLVWULEXWLRQV1# # 7KH
VWDWLVWLFDO# FRQFHQWUDWLRQ# GLVWULEXWLRQV# DUH# HVWLPDWHG
+EDVHG# RQ# WKH# UHVXOWV# RI# DLU# TXDOLW\#PRGHOLQJ,# IRU
VSHFLILF#IXWXUH0\HDU#VFHQDULRV#DQG/#LQ#WXUQ/#SURYLGH#WKH
EDVLV#IRU#H[DPLQDWLRQ#DQG#TXDQWLILFDWLRQ#RI#WKH#HIIHFWV
RI# FKDQJHV# LQ#DLU#TXDOLW\#RQ#KHDOWK/#DJULFXOWXUH/#HWF1
+L1H1/# SK\VLFDO# HIIHFWV# DQG# HFRQRPLF# YDOXDWLRQ
PRGHOLQJ,1##7KURXJK#FRPSDULVRQ#ZLWK#FRUUHVSRQGLQJ
UHVXOWV#IRU#D#EDVHOLQH#VLPXODWLRQ#+LQ#WKLV#FDVH#ZLWKRXW
WKH#&$$$#PHDVXUHV#DQG#SURJUDPV,/#WKH#HIIHFWV#RI#WKH
&$$$#FDQ#EH#DVVHVVHG1# #7KH# IXWXUH0\HDU#DLU#TXDOLW\
SURILOH# HVWLPDWLRQ#PHWKRGRORJ\/# DV# DSSOLHG# WR# WKH
DQDO\VLV#RI#WKH#&$$$/#LV#GHVFULEHG#LQ#WKLV#VHFWLRQ1##

Overview of the Methodology

&RQFHSWXDOO\/# WKH# PHWKRGRORJ\# IRU# HVWLPDWLQJ
IXWXUH0\HDU#R]RQH#DLU#TXDOLW\#XVLQJ#ERWK#REVHUYDWLRQV
DQG#8$009#VLPXODWLRQ#UHVXOWV#LV#UDWKHU#VLPSOH1##7KH
8$009# VLPXODWLRQ# UHVXOWV# DUH# XVHG# WR# FDOFXODWH
DGMXVWPHQW#IDFWRUV#IRU#VHOHFWHG#R]RQH#PRQLWRULQJ#VLWHV
ZLWKLQ#WKH#PRGHOLQJ#GRPDLQ1##7KLV#LV#GRQH#RQ#D#JULG0
FHOO#E\#JULG0FHOO#EDVLV#+L1H1/#WKH#DGMXVWPHQW#IDFWRU#IRU#D
PRQLWRULQJ# VLWH# LV# EDVHG# RQ# WKH# VLPXODWLRQ# R]RQH
FRQFHQWUDWLRQV#IRU#WKH#JULG#FHOO#LQ#ZKLFK#LW#LV#ORFDWHG,1
7KH# DGMXVWPHQW# IDFWRU# UHSUHVHQWV# WKH# UDWLR# RI# WKH
IXWXUH0\HDU0VFHQDULR# WR#WKH#EDVH0\HDU#FRQFHQWUDWLRQV
DQG# LV# FDOFXODWHG# +XVLQJ# WKH# DSSURSULDWHO\#PDWFKHG
YDOXHV,#IRU#VHYHUDO#GLIIHUHQW#FRQFHQWUDWLRQ#OHYHOV#+L1H1/
WKH# FKDQJHV# LQ# FRQFHQWUDWLRQ# DUH# GHSHQGHQW# XSRQ
UHODWLYH# FRQFHQWUDWLRQ# OHYHO,1# #7KH# REVHUYHG# R]RQH
FRQFHQWUDWLRQV# IRU# HDFK# PRQLWRULQJ# VLWH# DUH# WKHQ
PRGLILHG#XVLQJ#WKH#VLWH0VSHFLILF#+RU#JULG0FHOO0VSHFLILF,
DGMXVWPHQW#IDFWRUV1##7KH#UHVXOWLQJ#YDOXHV#UHSUHVHQW#WKH

HVWLPDWHG# IXWXUH0\HDU#R]RQH# FRQFHQWUDWLRQV# IRU# WKH
PRGHOHG#VFHQDULR1

$V# QRWHG# HDUOLHU# LQ# WKLV# UHSRUW/# WKH# RYHUDOO
DSSURDFK# WR#HVWLPDWH# IXWXUH#DLU#TXDOLW\#GLIIHUV# IURP
WKDW#IRU#D#W\SLFDO#DLU#TXDOLW\#PRGHO#DSSOLFDWLRQ#+H1J1/#IRU
DWWDLQPHQW# GHPRQVWUDWLRQ# SXUSRVHV,# LQ# WKDW# WKH
PRGHOLQJ#UHVXOWV#DUH#XVHG# LQ#D#UHODWLYH#VHQVH/#UDWKHU
WKDQ# DQ# DEVROXWH# VHQVH1# # 7KLV# PD\# HQKDQFH# WKH
UHOLDELOLW\#RI#WKH#IXWXUH0\HDU#FRQFHQWUDWLRQ#HVWLPDWHV/
HVSHFLDOO\#LQ#WKH#HYHQW#WKDW#WKH#XQFHUWDLQW\#LQKHUHQW#LQ
WKH#DEVROXWH#FRQFHQWUDWLRQ#YDOXHV#LV#JUHDWHU#WKDQ#WKDW
DVVRFLDWHG#ZLWK#WKH#UHVSRQVH#RI#WKH#PRGHOLQJ#V\VWHP
WR#FKDQJHV#LQ#HPLVVLRQV1##7KLV#DSSURDFK#DOVR#SHUPLWV
WKH#HVWLPDWLRQ#RI#VHDVRQDO#DQG#DQQXDO#FRQFHQWUDWLRQ
GLVWULEXWLRQV/#D#UHTXLUHPHQW#IRU#WKLV#VWXG\1

$OWKRXJK#WKH#UDWLRV#DUH#FDOFXODWHG#XVLQJ#PRGHOLQJ
UHVXOWV#IRU#D#OLPLWHG#QXPEHU#RI#VLPXODWLRQ#GD\V/#LW#LV
DVVXPHG/#XVLQJ#WKLV#PHWKRGRORJ\/#WKDW#WKH#UDWLRV#FDQ
EH# XVHG# WR# UHSUHVHQW# ORQJHU# WLPH# SHULRGV1
&RQVHTXHQWO\/#DOO#REVHUYDWLRQV#FRQWDLQHG#ZLWKLQ#WKH
GDWDVHW#DUH#DGMXVWHG#XVLQJ# WKH#PRGHO0GHULYHG#UDWLRV1
)ROORZLQJ#DGMXVWPHQW#RI#WKH#REVHUYHG#GDWD/#VWDWLVWLFDO
TXDQWLWLHV/# RU# ´SURILOHVµ/# GHVFULELQJ# WKH# R]RQH
GLVWULEXWLRQ# IRU# HDFK# PRQLWRULQJ# VLWH# DUH# WKHQ
FDOFXODWHG1

Description of the Observation Dataset

2QH#RI# WKH#XQLTXH#DVSHFWV#RI# WKLV#DSSURDFK# WR
HYDOXDWLQJ# IXWXUH# R]RQH# DLU# TXDOLW\# LV# WKH# XVH# RI
REVHUYHG#R]RQH#FRQFHQWUDWLRQV#WR#VXSSOHPHQW#PRGHO
UHVXOWV1# #$V# VXFK/#RQH#RI# WKH# HDUOLHVW# WDVNV#ZDV# WKH
FUHDWLRQ#RI#D#GDWDVHW#FRQWDLQLQJ#WKH#REVHUYHG#KRXUO\
R]RQH#FRQFHQWUDWLRQV#IRU#DOO#PRQLWRULQJ#VLWHV#ORFDWHG
ZLWKLQ#WKH#PRGHOLQJ#GRPDLQV#IRU#WKH#PRQWKV#RI#0D\
WKURXJK#6HSWHPEHU#4<<31####

+RXUO\# R]RQH# FRQFHQWUDWLRQV# IRU# 4<<3# ZHUH
H[WUDFWHG#IURP#WKH#$HURPHWULF#,QIRUPDWLRQ#5HWULHYDO
6\VWHP# +$,56,# DQG# LQSXW# LQWR# D# VLQJOH# $036830
IRUPDW#GDWDILOH1##)URP#WKH#LQIRUPDWLRQ#FRQWDLQHG#LQ
WKLV# ILOH/# WZR# 6$6# GDWDVHWV# ZHUH# FUHDWHG=# # D
FRQFHQWUDWLRQ# GDWDVHW# DQG# D# PRQLWRU# LQIRUPDWLRQ
GDWDVHW,1# # 7KH# FRQFHQWUDWLRQ# GDWDVHW# FRQWDLQV# WKH



yearbasei

yearfuturei
i ionConcentratPercentilethx

ionConcentratPercentilethx
FactorAdjustment =
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KRXUO\# FRQFHQWUDWLRQV# IRU# HDFK#PRQLWRU/#ZLWK# HDFK 2QO\#PRQLWRUV#ZLWK#´FRPSOHWHµ#GDWD#ZHUH#XVHG#LQ
UHFRUG# LQ#WKH#GDWDVHW#UHSUHVHQWLQJ#D#VLQJOH#PRQLWRU0 WKH#DQDO\VLV1# #)RU#WKH#R]RQH#GDWD/#D#PRQLWRU#UHFRUG
GD\1# # 7KH# PRQLWRU# LQIRUPDWLRQ# GDWDVHW# FRQWDLQV ZDV#FRQVLGHUHG#WR#EH#FRPSOHWH#LI#GDWD#ZHUH#DYDLODEOH
PRQLWRU0VSHFLILF# LQIRUPDWLRQ# VXFK# DV# ODQG0XVH# DQG IRU#83#SHUFHQW#RI#WKH#GD\V#LQ#WKH#SHDN#R]RQH#VHDVRQ
ORFDWLRQ1 +0D\06HSWHPEHU,1##(DFK#RI#WKHVH#GD\V#LQ#WXUQ#KDG#WR

,Q#FUHDWLQJ#WKH#FRQFHQWUDWLRQ#GDWDVHW/#VRPH#GDWD R]RQH#PRQLWRUV#ZLWK#FRPSOHWH#GDWD1
KDQGOLQJ# LVVXHV# DURVH# DQG# ZHUH# DGGUHVVHG# LQ# WKH
IROORZLQJ#PDQQHU=

ü ,Q#VRPH#LQVWDQFHV/#PXOWLSOH#R]RQH#PRQLWRULQJ
GHYLFHV#ZHUH#RSHUDWHG#DW#WKH#VDPH#ORFDWLRQ1
(YHQ#WKRXJK#WKHVH#GLIIHUHQW#GHYLFHV#KDYH#WKH
VDPH# $,56# VWDWH0FRXQW\0VLWH# LGHQWLILFDWLRQ
FRGH# +,',/# WKH\# DUH# GLIIHUHQWLDWHG# E\# D
SDUDPHWHU# RFFXUUHQFH# FRGH# +32&,1# # 7KH
$,56#VWDWH0FRXQW\0VLWH#,'#ZDV#FRQFDWHQDWHG
ZLWK#WKH#32&#WR#IRUP#D#XQLTXH#LGHQWLILHU#IRU
HDFK#PRQLWRU1##$#32&#JUHDWHU#WKDQ#8#W\SLFDOO\
LQGLFDWHV#WKDW#D#GHYLFH#ZDV#EHLQJ#FDOLEUDWHG>
LQIRUPDWLRQ2GDWD# IRU# WKHVH# PRQLWRUV
ZDV2ZHUH#QRW#LQFOXGHG#LQ#HLWKHU#WKH#PRQLWRU
RU#WKH#FRQFHQWUDWLRQ#GDWDVHW1

ü ,Q#WKH#$,56#GDWDEDVH/#R]RQH#FRQFHQWUDWLRQV
DUH# UHSRUWHG# XVLQJ# WKH# GHIDXOW# XQLW# RI# WKH
UHSRUWLQJ#DJHQF\1##7KXV/#PXOWLSOH#XQLWV#ZHUH
SUHVHQW# LQ# WKH#$03683# ILOH1# # )RU# HDVH# RI
DQDO\VLV/# DOO# RI# WKH# FRQFHQWUDWLRQV# ZHUH
FRQYHUWHG#WR#D#VLQJOH#XQLW/#SSP1

ü 0LVVLQJ#R]RQH# FRQFHQWUDWLRQV# LQ# WKH#$,56
$03683#UHSRUW#DUH# LQGLFDWHG#E\#D#EODQN# LQ
WKH# GHFLPDO# ILHOG1# # ,Q# WKH# FRQFHQWUDWLRQ
GDWDVHW#IRU#WKLV#VWXG\/#WKH#6$6#PLVVLQJ#YDOXH
FRGH#ZDV#XVHG#WR#LQGLFDWH#PLVVLQJ#GDWD1

ü )RU#HDFK#PRQLWRU#D#PHWKRG#GHWHFWLRQ# OLPLW
+0'/,#ZDV#SURYLGHG1##7KH#0'/#LQGLFDWHV#D
WKUHVKROG# EHORZ# ZKLFK# UHSRUWHG# R]RQH
FRQFHQWUDWLRQV#GR#QRW#DFFXUDWHO\#UHIOHFW#WKH
VDPSOH#GLVWULEXWLRQ1##)RU#PRVW#PRQLWRUV#WKH
0'/#LV#31338#SSP1##%HFDXVH#WKLV#YDOXH#LV#ORZ
UHODWLYH# WR# W\SLFDO# DPELHQW# FRQFHQWUDWLRQ
OHYHOV/#REVHUYHG#YDOXHV#EHORZ#WKH#0'/#ZHUH
QRW#UHVHW#WR#WKH#0'/#DQG#LQVWHDG#ZHUH#OHIW
XQFKDQJHG1

KDYH#DW#OHDVW#45#KRXUO\#REVHUYDWLRQV1##7KHUH#ZHUH#;75

Calculation of Percentile-Based
Adjustment Factors

)RU#HDFK#IXWXUH0\HDU#PRGHOLQJ#VFHQDULR/#JULG0FHOO0
VSHFLILF#DGMXVWPHQW#IDFWRUV#ZHUH#FDOFXODWHG#XVLQJ#WKH
KRXUO\#VLPXODWHG#R]RQH#FRQFHQWUDWLRQV#FRQWDLQHG#LQ
WKH#8$009#RU#8$0#[\PDS #RXWSXW#ILOHV1##,QGLYLGXDO5

PRQLWRULQJ#VLWHV#ZHUH#PDSSHG#RQWR#WKH#JULGGHG#PRGHO
RXWSXW# +WR# GHWHUPLQH# WKH# JULG# FHOO# LQ# ZKLFK# HDFK
PRQLWRU#ZDV#ORFDWHG,#DQG#WKH#FRQFHQWUDWLRQV#IRU#WKH
FRUUHVSRQGLQJ#JULG#FHOOV#ZHUH#XVHG#WR#FDOFXODWH#D#VHW#RI
WHQ#DGMXVWPHQW#IDFWRUV#IRU#HDFK#IXWXUH0\HDU#PRGHOLQJ
VFHQDULR1##7KH#DGMXVWPHQW#IDFWRUV#ZHUH#VSHFLILHG#WR#EH
WKH# UDWLR# RI# WKH# SHUFHQWLOH# FRQFHQWUDWLRQV# IRU# WKH
IXWXUH0#DQG#EDVH0\HDU#VLPXODWLRQV/#ZKHUH#WKH#SHUFHQWLOH
FRQFHQWUDWLRQV#ZHUH# FDOFXODWHG# XVLQJ# GDWD# IRU# HDFK
KRXU#RI#HDFK#VLPXODWLRQ#GD\=

{x  }= {5, 15, 25, 35, 45, 55, 65, 75, 85, 95}i  

)RU#FDOFXODWLRQ#RI#WKH#SHUFHQWLOH#FRQFHQWUDWLRQV/
WKH#HPSLULFDO#GLVWULEXWLRQ#IXQFWLRQ#ZLWK#DYHUDJLQJ#ZDV
HPSOR\HG1##%HFDXVH#WKH#FRQFHQWUDWLRQV#IRU#WKH#ORZHU
SHUFHQWLOHV#FDQ#EH#UDWKHU#VPDOO/#D#WKUHVKROG#YDOXH#RI#4
SSE#ZDV#VHW#WR#NHHS#WKH#DGMXVWPHQW#IDFWRUV#UHDVRQDEOH1
,Q#RWKHU#ZRUGV/#DOO#FRQFHQWUDWLRQV#EHORZ#4#SSE#ZHUH
UHVHW#WR#4#SSE1##7KLV#SHUFHQWLOH0EDVHG#DSSURDFK#ZDV
VHOHFWHG# GXH# WR# WKH# OLPLWDWLRQV# RI# XVLQJ# D# VLQJOH
DGMXVWPHQW# WR#UHSUHVHQW# WKH#FKDQJH# LQ# WKH#PRGHOHG
R]RQH#FRQFHQWUDWLRQV#LQ#PRYLQJ#IURP#WKH#EDVH0#WR#WKH
IXWXUH0\HDU#VFHQDULRV1##)LQDOO\/#LI#HLWKHU#WKH#EDVH0\HDU

##7KH#8$009#[\PDS#ILOH#FRQWDLQV#KRXUO\/#JULGGHG/#VXUIDFH05

OD\HU#R]RQH#FRQFHQWUDWLRQV1
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RU#IXWXUH#\HDU#SHUFHQWLOH#FRQFHQWUDWLRQ#ZDV#VHW#HTXDO FRQFHQWUDWLRQV1# # 7KH# SURILOHV# DUH# UHSRUWHG# DW# WKH
WR#4#SSE/#WKH#DGMXVWPHQW#IDFWRU#ZDV#VHW#HTXDO#WR#41 PRQLWRU#OHYHO#DQG#LQFOXGH#;75#ORFDWLRQV1

$# 6$6# GDWDVHW# FRQWDLQLQJ# WKH# PRQLWRU0OHYHO 7KH# KLVWRJUDPV# LQ#)LJXUHV#&044D# WKURXJK# 45E
DGMXVWPHQW# IDFWRUV#ZDV#FUHDWHG# IRU#HDFK# IXWXUH0\HDU LOOXVWUDWH# WKH# GLVWULEXWLRQ# RI# UDWLRV# IRU# WKH# <8
PRGHOLQJ#VFHQDULR#FRQVLGHUHG#LQ#WKLV#VWXG\1 SHUFHQWLOH# PRQLWRU0OHYHO# R]RQH# FRQFHQWUDWLRQV

Use of Adjustment Factors to Modify
Observed Concentrations

8VLQJ#WKH#FDOFXODWHG#DGMXVWPHQW#IDFWRUV#IRU#HDFK
IXWXUH0\HDU#VFHQDULR#DQG#WKH#REVHUYHG#PRQLWRU0#DQG
SVHXGR0VLWH0OHYHO# REVHUYDWLRQV/# D# GDWDVHW# FRQWDLQLQJ
PRGLILHG#REVHUYHG#KRXUO\#R]RQH#FRQFHQWUDWLRQV#IRU
HDFK#RI#WKH#WZR#VFHQDULRV#ZDV#FUHDWHG1##%HFDXVH#HDFK
PRQLWRU#KDV# WHQ#DGMXVWPHQW# IDFWRUV#SHU# VFHQDULR/# LW
ZDV# ILUVW# QHFHVVDU\# WR# UDQN# RUGHU# WKH# REVHUYHG
FRQFHQWUDWLRQV#LQWR#43#GHFLOH0EDVHG#JURXSV#ZLWK#WLHV
EHLQJ#DVVLJQHG#WR#WKH#KLJKHU#JURXS1##2QFH#HDFK#RI#WKH
REVHUYHG# FRQFHQWUDWLRQV# ZDV# LGHQWLILHG# ZLWK# D
SDUWLFXODU# GHFLOH# JURXS/# WKH# DSSURSULDWH# DGMXVWPHQW
IDFWRU#ZDV#VHOHFWHG#DQG#DSSOLHG=

$GMXVWHG&RQF # #2EV&RQF #-#$GM1)DFWRUL L N>2EV&RQFL@

,Q# WKLV# HTXDWLRQ/# ^2EV&RQFL`# LV# WKH# VHW# RI
REVHUYHG#KRXUO\#R]RQH#FRQFHQWUDWLRQV#+LQ#SSP,#IRU#D
JLYHQ#PRQLWRU#RU#SVHXGR0VLWH1##7KH#N>2EV&RQF @#LV#WKHL
QXPEHU#RI#WKH#GHFLOH#JURXS#WR#ZKLFK#2EV&RQF EHORQJV1L#
$GM1)DFWRU # LV# WKHQ# WKH#DSSURSULDWH#DGMXVWPHQWN>2EV&RQFL@
IDFWRU#IRU#WKH#GHFLOH#JURXS#WR#ZKLFK#2EV&RQF #EHORQJV1L
7KH#UHVXOWLQJ#VHW#RI#DGMXVWHG#KRXUO\#FRQFHQWUDWLRQV/
^$GMXVWHG&RQF`/#UHSUHVHQWV#WKH#IXWXUH0\HDU#HVWLPDWHV#RIL
WKH#KRXUO\#R]RQH#FRQFHQWUDWLRQV1

Calculation of Ozone Profiles

'DWDVHWV# FRQWDLQLQJ# WKH# R]RQH# DLU# TXDOLW\
´SURILOHVµ#ZHUH#FRPSLOHG#IRU#WKH#EDVH#4<<3/#5333#3UH0
&$$$/#5333#3RVW0&$$$/#5343#3UH0&$$$/#DQG#5343
3RVW0&$$$#VLPXODWLRQV1##7KH#SURILOHV#XVHG#GDWD#IRU
WKH#SHULRG#0D\#WKURXJK#6HSWHPEHU1# #7KH#GDWDEDVHV
FRQWDLQHG# WKH# QXPEHU/# WKH# DULWKPHWLF# PHDQ/# WKH
PHGLDQ/#WKH#+VHDVRQDO,#VHFRQG#KLJKHVW/#DQG#WKH#518#WR
<:18#SHUFHQWLOHV#+LQ#LQFUHPHQWV#RI#ILYH,#RI#WKH#KRXUO\

WK

FRUUHVSRQGLQJ# WR# WKH# 5333# DQG# 5343# VLPXODWLRQV/
UHVSHFWLYHO\1# # ,Q# WKLV# ILJXUH/# UDWLRV#JUHDWHU# WKDQ#RQH
LQGLFDWH#WKDW#WKH#IXWXUH0\HDU2VFHQDULR#FRQFHQWUDWLRQ#LV
JUHDWHU#WKDQ#WKH#EDVH0\HDU#+4<<3,#YDOXH/#ZKHUHDV#UDWLRV
OHVV# WKDQ#RQH# LQGLFDWH#D# ORZHU#YDOXH# IRU# WKH# IXWXUH0
\HDU1

7KH# 5333# 3UH0&$$$# UDWLRV# +)LJXUH# &044D,
LQGLFDWH#WKDW#WKH#<8 #SHUFHQWLOH#R]RQH#FRQFHQWUDWLRQVWK

FRUUHVSRQGLQJ# WR# WKLV# VFHQDULR# DUH# KLJKHU# LQ# VRPH
DUHDV# DQG# ORZHU# LQ# RWKHU# DUHDV# WKDQ# WKH# EDVH0\HDU
+4<<3,# YDOXHV1# # 7KH# UDWLRV# JHQHUDOO\# UDQJH# IURP
DSSUR[LPDWHO\#31;#WR#415/#EXW#DOVR#LQFOXGH#VRPH#ORZHU
YDOXHV1##,Q#FRQWUDVW/#WKH#UDWLRV#FRUUHVSRQGLQJ#WR#WKH
5333# 3RVW0&$$$# VLPXODWLRQ# +)LJXUH# &044E,# DUH
JHQHUDOO\#OHVV#WKDQ#RQH1##,Q#WKLV#FDVH/#WKH#UDWLRV#UDQJH
IURP#DSSUR[LPDWHO\#31:8#WR#414#ZLWK#RQO\#D#YHU\#VPDOO
QXPEHU#RI#YDOXHV#JUHDWHU# WKDQ#RQH1# #7KHUH#DUH#DOVR
VRPH#ORZHU#YDOXHV1

)LJXUH#&045D#DQG#45E##GLVSOD\V#WKH#GLVWULEXWLRQ#RI
UDWLRV# RI# WKH# IXWXUH0\HDU0VFHQDULR# WR# EDVH0\HDU# <8WK
SHUFHQWLOH#FRQFHQWUDWLRQV#IRU#53431##&RPSDUHG#WR#WKH
KLVWRJUDP#SORWV#IRU#5333/#WKH#VKLIW#LQ#GLVWULEXWLRQ#LV
VXFK# WKDW# WKH# UDWLRV# DUH# KLJKHU# IRU# WKH# 3UH0&$$$
VFHQDULR#DQG#ORZHU#IRU#WKH#3RVW0&$$$#VFHQDULR1##7KDW
LV/# FRPSDUHG# WR# 5333/# FRQFHQWUDWLRQV# IRU# 5343# DUH
KLJKHU#UHODWLYH#WR#WKH#EDVH#\HDU#XQGHU#WKH#3UH0&$$$
VFHQDULR#DQG#ORZHU#UHODWLYH#WR#WKH#EDVH#\HDU#XQGHU#WKH
3RVW0&$$$#VFHQDULR1

)RU#ERWK#IXWXUH#\HDUV/#WKH#UDWLRV#LQGLFDWH#WKDW#WKH
3RVW0&$$$#FRQFHQWUDWLRQV#+<8 #SHUFHQWLOH#OHYHO,#DUHWK

ORZHU#WKDQ#WKH#FRUUHVSRQGLQJ#3UH0&$$$#YDOXHV#+ZLWK
D#IHZ#H[FHSWLRQV,1##7KLV#LV#LOOXVWUDWHG#LQ#)LJXUHV#&046D
DQG#&0#46E1##7KH#VPDOOHU#UDWLRV#IRU#5343#+)LJXUH#&0
46E,# UHIOHFW# WKH# ODUJHU#GLIIHUHQFHV#EHWZHHQ# WKH#3UH0
DQG#3RVW0&$$$#VFHQDULRV#IRU#WKLV#\HDU1



Figure C-2:  Difference in daily maximum simulated ozone concentration (ppb) for
the 15 July 1995 OTAG episode day:  2010 pre-CAAA90 minus base 1990.
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Figure C-3.  Difference in daily maximum simulated ozone concentration (ppb)
for the 15 July 1995 OTAG episode day:  2010 post-CAAA90 minus base 1990. 
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Figure C-4. Difference in daily maximum simulated ozone concentration (ppb)
for the 15 July 1995 OTAG episode day: 2010 post-CAAA90 minus pre-CAAA90.
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Figure C-5.  Difference in daily maximum simulated ozone concentration (ppb)
for the 8 July 1990 western U.S. simulation day: 2010 pre-CAAA90 minus base 1990. 
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Figure C-6.  Difference in daily maximum simulated ozone concentration (ppb)
 

  
for the 8 July 1990 western U.S. simulation day:  2010 post-CAAA90 minus base 1990. 

C-30



Figure C-7.  Difference in daily maximum simulated ozone concentration (ppb)  
for the 8 July 1990 western U.S. simulation day:  2010 post-CAAA90 minus pre-CAAA90.
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Figure C-8.  UAM-V modeling domain for western U.S. analysis with the high-resolution modeling domains for
the San Francisco Bay Area, Los Angeles, and  Phoenix.
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Figure C-9.  Differences in daily maximum simulated ozone concentration
(ppb) for the 6 August 1990 simulation day for northern California:  2010 post-
CAAA90 minus pre-CAAA90.
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Figure C-10.  Difference in daily maximum simulated ozone concentration (ppb)
for the 28 July 1987 simulated day for Los Angeles: 2010 post-CAAA90 minus pre-CAAA90.
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Figure C-11a. Distribution of Monitor-Level Ratios 
for 95th Percentiles Ozone Concentration:  

2000 Pre-CAAA / 1990 Base-Year
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Figure C-11b. Distribution of Monitor-Level Ratios 
for 95th Percentiles Ozone Concentration:  

2000 Post-CAAA / 1990 Base-Year
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Figure C-12a. Distribution of Monitor-Level Ratios 
for 95th Percentiles Ozone Concentration:  

2010 Pre-CAAA / 1990 Base-Year
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Figure C-12b. Distribution of Monitor-Level Ratios 
for 95th Percentile Ozone Concentration:  

2010 Post-CAAA / 1990 Base-Year
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Figure C-13a. Distribution of Monitor-Level Ratios 
for 95th Percentiles Ozone Concentration:  

2000 Post-CAAA / 2000 Pre-CAAA
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Figure C-13b. Distribution of Monitor-Level Ratios 
for 95th Percentiles Ozone Concentration:  

2010 Post-CAAA / 2010 Pre-CAAA
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Estimating the Effects of the CAAA
on Particulate Matter

)XWXUH0\HDU# FRQFHQWUDWLRQV# RI# 30 # DQG# 3043 518
FRUUHVSRQGLQJ# WR# WKH# 3RVW0&$$$# DQG# 3UH0&$$$
VFHQDULRV#ZHUH#HVWLPDWHG#WKURXJK#DSSOLFDWLRQ#RI#WKH
5$'02530#DQG#5(06$'#PRGHOLQJ#V\VWHPV1##7KH
IRUPHU#ZDV#XVHG#IRU#WKH#HDVWHUQ#8161/#ZKLOH#WKH#ODWWHU
ZDV# DSSOLHG# IRU# WKH#ZHVWHUQ#8161# #'HWDLOV# RI# ERWK
5$'02530#DQG#5(06$'#PRGHOLQJ#DUH#SUHVHQWHG
LQ# WKLV# VHFWLRQ1# # ,QFOXGHG# LV# DQ# RYHUYLHZ# RI# HDFK
PRGHOLQJ#V\VWHP/#DQG#D#GHVFULSWLRQ#RI#WKH#DSSOLFDWLRQ
SURFHGXUHV#DQG#PRGHOLQJ#UHVXOWV1##7KH#FDOFXODWLRQ#RI
30#DLU#TXDOLW\#SURILOHV#XVLQJ#WKH#FRPELQHG#PRGHOLQJ
UHVXOWV#IURP#ERWK#PRGHOV#LV#DOVR#GHVFULEHG1

)RU#HDVH#RI#UHDGLQJ/#DOO#ILJXUHV#IROORZ#WKH#WH[W#LQ
WKLV#VHFWLRQ1

Overview of the RADM/RPM Modeling
System

5$'0#ZDV# GHYHORSHG# RYHU# D# WHQ0\HDU# SHULRG/
4<;704<<6/#XQGHU#WKH#DXVSLFHV#RI#WKH#1DWLRQDO#$FLG
3UHFLSLWDWLRQ#$VVHVVPHQW#3URJUDP#+1$3$3,#WR#KHOS
DGGUHVV#SROLF\#DQG#WHFKQLFDO#LVVXHV#DVVRFLDWHG#ZLWK#DFLG
GHSRVLWLRQ1##0RUH#UHFHQWO\/#(3$#FUHDWHG#WKH#5HJLRQDO
3DUWLFXODWH# 0RGHO/# H[SDQGLQJ# WKH# $JHQF\*V
DWPRVSKHULF# PRGHOLQJ# FDSDELOLWLHV1# # )XQFWLRQLQJ
WRJHWKHU/# 5$'0# DQG# 530# KHOS# SUHGLFW# 30
FRQFHQWUDWLRQV#E\#JHQHUDWLQJ#HVWLPDWHV#RI#VHFRQGDU\
SDWLFXODWHV#WKDW#FRPSULVH#D#VLJQLILFDQW#SRUWLRQ#RI#WRWDO
301

5$'0/#D#WKUHH0GLPHQVLRQDO#(XOHULDQ#JULG0EDVHG
PRGHO/# LV#GHVLJQHG# WR#SURYLGH# D# VFLHQWLILF#EDVLV# IRU
SUHGLFWLQJ# UHJLRQDO#DLU#SROOXWLRQ#FRQFHQWUDWLRQV#DQG
OHYHOV#RI# DFLG#GHSRVLWLRQ# UHVXOWLQJ# IURP# FKDQJHV# LQ
SUHFXUVRU#HPLVVLRQV1#7KH#FRQFHQWUDWLRQ#RI#D#VSHFLILF
SROOXWDQW#LQ#D#JULG#FHOO#DW#D#VSHFLILHG#WLPH#LV#GHWHUPLQHG
E\#WKH#IROORZLQJ#IDFWRUV=#

ü WKH#HPLVVLRQV#UDWH>#
ü WKH#WUDQVSRUW#RI#WKDW#VSHFLHV#E\#ZLQG#LQWR#DQG

RXW#RI#WKH#JULG#LQ#WKUHH#GLPHQVLRQV>#

ü PRYHPHQW#RI#WKH#DWPRVSKHUH#YLD#WXUEXOHQW
PRWLRQ>#

ü FKHPLFDO# UHDFWLRQV# WKDW# HLWKHU# SURGXFH# RU
GHSOHWH#WKH#FKHPLFDO>#

ü WKH#FKDQJH# LQ#FRQFHQWUDWLRQ#GXH# WR#YHUWLFDO
WUDQVSRUW#E\#FORXGV>#

ü DTXHRXV# FKHPLFDO# WUDQVIRUPDWLRQ# DQG
VFDYHQJLQJ>#DQG#

ü UHPRYDO#E\#GHSRVLWLRQ1 ##6

530# LV#DQ#H[WHQVLRQ#RI#5$'01# #/LNH#5$'0/
530# LV# D# WKUHH0GLPHQVLRQDO# (XOHULDQ# DLU# TXDOLW\
PRGHO1# #)XQFWLRQLQJ# LQ# WDQGHP#ZLWK#5$'0/#530
SUHGLFWV#WKH#FKHPLVWU\/#WUDQVSRUW/#DQG#G\QDPLFV#RI#WKH
VHFRQGDU\#DHURVROV#RI#VXOIDWH/#QLWUDWH/#DPPRQLXP/#DQG
RUJDQLFV1 # # )RU# WKLV# VWXG\/# KRZHYHU/# 530# RUJDQLF7

DHURVRO# HVWLPDWHV# ZHUH# QRW# LQFOXGHG# LQ# WKH# ILQDO
DQDO\VLV# EHFDXVH# WKH# PRGHO# VLJQLILFDQWO\
XQGHUHVWLPDWHV# RUJDQLFV# DQG# WKH# UHDVRQ# IRU# WKLV
V\VWHPDWLF# XQGHUHVWLPDWLRQ# KDV# QRW# \HW# EHHQ
FKDUDFWHUL]HG1##7KH#PRGHO*V#SUHGLFWLRQV#RI#VHFRQGDU\
VXOIDWH/#QLWUDWH/#DQG#DPPRQLXP#FRQFHQWUDWLRQV#ZHUH
XVHG# WR# GHYHORS# SDUWLFXODWH# PDWWHU# FRQFHQWUDWLRQ
HVWLPDWHV1

Application of RADM/RPM for the
Eastern U.S.

,Q# WKLV# DQDO\VLV/# WKH# 5$'02530# PRGHOLQJ
V\VWHP#ZDV#XVHG#WR#HVWLPDWH#IXWXUH#\HDU#QLWUDWH#DQG
VXOIDWH# FRQFHQWUDWLRQV/# WZR# PDMRU# FRPSRQHQWV# RI
VHFRQGDU\#301##7KHVH#PRGHO#UHVXOWV#ZHUH#WKHQ#XVHG#WR
JHQHUDWH# DGMXVWPHQW# IDFWRUV/# ZKLFK# LQ# WXUQ# DLGHG
GHYHORSPHQW#RI#30#SUHGLFWLRQV#IRU##WKH#HDVWHUQ#KDOI
RI# WKH#8QLWHG# 6WDWHV1# #$# VXPPDU\# RI# WKH#PRGHO*V
DSSOLFDWLRQ#DQG#UHVXOWV#IROORZV1

Modeling Domain

7KH#GRPDLQ#RI#DSSOLFDWLRQ#IRU#ERWK#5$'0#DQG
530# LV# HDVWHUQ# 1RUWK# $PHULFD/# IURP# WKH# 5RFN\

$#PRUH#GHWDLOHG#GHVFULSWLRQ#RI#5$'0# LV#SURYLGHG# LQ#516

'HQQLV/#4<<81
$# PRUH# GHWDLOHG# GHVFULSWLRQ# RI# WKH# VWUXFWXUH# DQG# EDVLF7

IHDWXUHV#RI#530#LV#JLYHQ#LQ#)161#%LQNRZVNL#DQG#81#6KDQNDU/#4<<81
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0RXQWDLQV#HDVWZDUG# WR#1HZIRXQGODQG/#&DQDGD#DQG 6HSDUDWH#HPLVVLRQV#LQYHQWRULHV#ZHUH#XVHG#DV#LQSXW
WKH#)ORULGD#.H\V1# #7KLV# H[SDQVLYH#PRGHO# DUHD# WKDW LQ# WKLV#DQDO\VLV#IRU#HDFK#RI#WKH#HPLVVLRQV#VFHQDULRV=
LQFOXGHV# SDUW# RI# 6RXWKHUQ# &DQDGD# DOORZV 4<<3#EDVH#\HDU/#5333#3UH0&$$$/#5333#3RVW0&$$$/
5$'02530# WR# DFFXUDWHO\# UHIOHFW# WKH# VHYHUDO0GD\ 5343# 3UH0&$$$/# DQG# 5343# 3RVW0&$$$1 # # 7KHVH
UHVLGHQFH#WLPHV#RI#VXOIXU#DQG#QLWURJHQ#VSHFLHV#LQ#WKH VFHQDULRV# DQG# WKHLU# DFFRPSDQ\LQJ# LQYHQWRULHV/
DWPRVSKHUH#DQG#WKH#UHVXOWLQJ#WUDQVSRUW#GLVWDQFHV#RI GHVFULEHG#LQ#PRUH#GHWDLO#LQ#$SSHQGL[#$/#LQFRUSRUDWH
4/333#NLORPHWHUV#+NP,#RU#PRUH#WKDW#PD\#EH#FRYHUHG HPLVVLRQV# IURP# DOO# ILYH# PDMRU# VRXUFH# FDWHJRULHV=
GXULQJ# WKDW# WLPH1# # 7KH# 5/;33# E\# 6/373# NP#PRGHO LQGXVWULDO# SRLQW# VRXUFHV/# XWLOLWLHV/# QRQURDG
GRPDLQ# LV# GLYLGHG# LQWR# ;30NP# JULG# FHOOV1# #1HVWHG HQJLQHV2YHKLFOHV/#PRWRU#YHKLFOHV/# DQG# DUHD# VRXUFHV1
ZLWKLQ#WKLV#GRPDLQ#DUH#D#VHW#RI#ILQHU#UHVROXWLRQ#530NP 7KLV#LQYHQWRU\#IRU#HDFK#VFHQDULR#FRQWDLQV#KRXUO\/#GD\0
JULG#FHOOV/#FRYHULQJ#WKH#JHRJUDSKLF#UHJLRQ#H[WHQGLQJ VSHFLILF#HPLVVLRQV#ILJXUHV#IRU#HYHU\#VRXUFH#FDWHJRU\>
HDVWZDUG#IURP#FHQWUDO#,OOLQRLV#WR#WKH#$WODQWLF#2FHDQ DUHD# DQG# PRELOH# VRXUFH# GDWD# DUH# SURYLGHG# DW# WKH
DQG#VRXWKZDUG#IURP#6XGEXU\/#2QWDULR#WR#WKH#XSSHU FRXQW\#OHYHO/#ZKLOH#XWLOLW\#DQG#LQGXVWULDO#SRLQW#VRXUFH
VHFWLRQ#RI#1RUWK#&DUROLQD#+)LJXUH#&047,1##7KH#PRGHO HPLVVLRQV#DUH#JLYHQ#DW#WKH#VRXUFH#FODVVLILFDWLRQ#FRGH
DOVR#FRQVLVWV#RI#YHUWLFDO#OD\HUV#WKDW/#LQ#WRWDO/#VWUHWFK#49 OHYHO1
NP#DERYH#JURXQG#OHYHO1

Simulation Periods

5$'02530#PRGHO#UXQV#ZHUH#FRQGXFWHG#IRU#63
ILYH0GD\#SHULRGV1# #7KH# 63#SHULRGV/#ZKLFK# UHSUHVHQW
GRPLQDQW#WUDQVSRUW#UHJLPHV#VSDQQLQJ#IRXU#\HDUV/#ZHUH
UDQGRPO\#VHOHFWHG#WR#GHYHORS#DQQXDO#DYHUDJHV1##/DWHU/
WR#GHYHORS#ZDUP# VHDVRQ# +0D\# WKURXJK#6HSWHPEHU,
DQG# FROG# VHDVRQ# +2FWREHU# WKURXJK#$SULO,# DYHUDJHV/
WKH\#ZHUH# GLYLGHG# LQWR# WKHVH# WZR# VHDVRQDO# JURXSV1
$QQXDO# ZDUP# DQG# FROG# VHDVRQ# DYHUDJHV# ZHUH
GHYHORSHG# XVLQJ# D#ZHLJKWLQJ# VFKHPH# EDVHG# RQ# WKH
IUHTXHQF\#RI#RFFXUUHQFH#RI# WUDQVSRUW# UHJLPHV1# #7R
DYRLG# WKH# LQIOXHQFH# RI# WKH#PRGHO# VWDUWLQJ# XS# DQG
DGMXVWLQJ#WR#D#QHZ#VHW#RI#FRQGLWLRQV#DVVRFLDWHG#ZLWK
HDFK#SHULRG/#RQO\#UHVXOWV#IURP#WKH#ODVW#WKUHH#GD\V#RI
HDFK#SHULRG#ZHUH#XVHG#WR#HVWLPDWH#30#OHYHOV1#

Model Inputs

RADM#

'HWDLOHG#HPLVVLRQV#DQG#PHWHRURORJLFDO#GDWD#DUH
UHTXLUHG#WR#UXQ#5$'01##7KH#HPLVVLRQV#LQYHQWRU\#IRU
WKH#PRGHO#PXVW# DFFRXQW# IRU# ERWK# WKH# WLPLQJ# DQG
ORFDWLRQ#RI# HPLVVLRQV1# #$FFXUDWH#PRGHO#SUHGLFWLRQV
DOVR#GHSHQG#RQ#D#KRVW#RI#PHWHRURORJLFDO#LQSXWV/#PRVW
QRWDEO\#WHPSHUDWXUH/#ZLQG#VSHHG/#DQG#ZLQG#GLUHFWLRQ1

8

%LRJHQLF# HPLVVLRQV# ZHUH# DOVR# LQFOXGHG# LQ# WKH
5$'0# LQSXW1# #7KLV# LQYHQWRU\#ZDV#GHYHORSHG# IURP
YHUVLRQ#WZR#RI#(3$*V#%LRJHQLF#(PLVVLRQV#,QYHQWRU\
6\VWHP# +%,(605,1# # %(,605# HVWLPDWHV# ELRJHQLF
HPLVVLRQV# EDVHG# RQ# D# YDULHW\# RI# IDFWRUV# LQFOXGLQJ
ELRPDVV#DQG#HPLVVLRQV#IDFWRUV1

7KH# PHWHRURORJLFDO# LQSXWV# IRU# 5$'0# ZHUH
GHULYHG# XVLQJ# RXWSXW# IURP# WKH# 3HQQV\OYDQLD# 6WDWH
8QLYHUVLW\21DWLRQDO#&HQWHU#IRU#$WPRVSKHULF#5HVHDUFK
+36821&$5,#PHVRVFDOH#PRGHO#+007,1##8VLQJ##007
UHVXOWV/#(3$#JHQHUDWHG#HVVHQWLDO#JULG0VSHFLILF#5$'0
LQSXW/#LQFOXGLQJ#ZLQG#IORZ#SDWWHUQV/#WHPSHUDWXUHV/#DQG
ZDWHU#YDSRU#FRQFHQWUDWLRQV1#

RPM

530#UHTXLUHV# LQSXWV#VLPLODU#WR#WKRVH#GHVFULEHG
IRU#5$'01# #7KLV#PRGHO# XVHV# D# VXEVHW#RI#5$'0
HPLVVLRQV#GDWD##DQG#WKH#5$'0#PHWHRURORJLFDO#ILHOGV1
$GGLWLRQDO# 530# LQSXWV# LQFOXGH# DWPRVSKHULF#ZDWHU
GDWD#JHQHUDWHG#E\#5$'0#DQG#5$'00SUHGLFWHG#OHYHOV
RI#R[LGDQWV/#QLWULF#DFLG/#DQG#DPPRQLD1#

6HH# 3HFKDQ/# -XQH# 4<<;# IRU# D# GHWDLOHG# GHVFULSWLRQ# RI# WKH8

HPLVVLRQV#VFHQDULRV#GHYHORSHG#IRU#WKLV#DQDO\VLV1
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RADM/RPM Simulation Results

Model Performance

7KH# DVVHVVPHQW# RI# PRGHO# SHUIRUPDQFH# IRU
SDUWLFXODWH#PRGHOV#LV#D#GLIILFXOW#WDVN#GXH#WR#D#UHODWLYH
ODFN# RI# GDWD# DQG# LQIRUPDWLRQ# UHJDUGLQJ# WKH# VSDWLDO
GLVWULEXWLRQ/# FRPSRVLWLRQ/# DQG# VL]H# IUDFWLRQDWLRQ#RI
DLUERUQH#SDUWLFXODWHV1##'HYHORSPHQW#DQG#HYDOXDWLRQ#RI
SDUWLFXODWH#PHDVXUHPHQW#DQG#PRGHOLQJ#WHFKQLTXHV#DUH
DFWLYH# DUHDV# RI# UHVHDUFK1# # $V# D# UHVXOW/# WKHUH# DUH
FXUUHQWO\# QR# VWDQGDUG# DSSURDFKHV# RU# PRGHO
SHUIRUPDQFH#FULWHULD# IRU# WKH#HYDOXDWLRQ#RI# UHJLRQDO0
VFDOH#SDUWLFXODWH#PRGHOV1

'HYHORSPHQW#RI#5$'0#EHJDQ#LQ#WKH#PLG04<;3*V1
7KH#HYROXWLRQ#RI#WKLV#PRGHO/#DORQJ#ZLWK#LWV#DSSOLFDWLRQ
DQG#SHUIRUPDQFH#HYDOXDWLRQ#KDYH#DOO#EHHQ#GRFXPHQWHG
H[WHQVLYHO\# E\# 1$3$31 # # 5$'0# FRQWLQXHV# WR9

XQGHUJR# SHULRGLF# SHHU# UHYLHZ/# HYDOXDWLRQV/# DQG
LPSURYHPHQWV1 ##,Q#DGGLWLRQ#WR#WKH#SUHVHQW#VWXG\#DQG:

WKH# VHFWLRQ# ;45# UHWURVSHFWLYH# DQDO\VLV/# 5$'0# KDV
EHHQ#XVHG#LQ#RWKHU#$JHQF\#VWXGLHV#RI#DFLG#GHSRVLWLRQ;
DQG# LQ# DVVHVVPHQWV# RI# GHSRVLWLRQ# RI# QLWURJHQ# WR
FRDVWDO#HVWXDULHV1 #<

530#ZDV# HYDOXDWHG#E\# FRPSDULQJ# WKH#PRGHO*V
4<<3#EDVH#\HDU#VHDVRQDO#QLWUDWH#DQG#VXOIDWH#HVWLPDWHV
ZLWK#REVHUYHG#GDWD#PHDVXUHG#E\#(3$*V#&OHDQ#$LU#$FW
6WDWXV#DQG#7UHQGV#1HWZRUN#+&$671HW,1##&$671HW#LV
D# QHWZRUN# RI#PRQLWRUV# GLVWULEXWHG# WKURXJKRXW# WKH
(DVWHUQ# 8161# WKDW# PHDVXUHV# GU\# GHSRVLWLRQ# RI
DWPRVSKHULF#VXOIXU#DQG#QLWURJHQ#FRPSRXQGV1##530
SUHGLFWLRQV#IRU#SDUWLFXODWH#VXOIDWH#DQG#&$671HW#GDWD
DUH# SURYLGHG# LQ#7DEOH#&091# #([DPLQDWLRQ# RI# WKHVH
DPELHQW#FRQFHQWUDWLRQV#VKRZV#WKDW#530#SUHGLFWV#WKH
VLJQLILFDQW#VHDVRQDO#GLIIHUHQFHV#LQ#VXOIDWH#SURGXFWLRQ/
DOWKRXJK#WKH#PRGHO#RYHUHVWLPDWHV#WKH#DQQXDO#DYHUDJH
VXOIDWH# FRQFHQWUDWLRQ# E\# DSSUR[LPDWHO\# 53# SHUFHQW1

7DEOH# &0:# GLVSOD\V# 530# DQG# &$671HW# VHDVRQDO
DYHUDJH#QLWUDWH#FRQFHQWUDWLRQV#DQG#UDWLRV#VKRZLQJ#WKH
IUDFWLRQ#RI# WRWDO#QLWUDWH# WKDW# LV# LQ#SDUWLFXODWH# IRUP1
&RPSDULVRQ#RI#WKH#YDOXHV# LQ#WKLV#WDEOH# LQGLFDWH#WKDW
530# DFFXUDWHO\#FDSWXUHV# WKH# UDWLR#RI#SDUWLFXODWH# WR
WRWDO#QLWUDWH/#EXW#XQGHUHVWLPDWHV#RYHUDOO#QLWUDWH#OHYHOV
LQ#WKH#FROGHU#PRQWKV#DQG#RYHUHVWLPDWHV#WKHP#GXULQJ
WKH#ZDUPHU#PRQWKV1##$YHUDJHG#RYHU#WKH#HQWLUH#\HDU/
KRZHYHU/#530#UHVXOWV#DQG#&$671HW#GDWD#DUH#VLPLODU1

Table C-6
Comparison of CASTNet and RPM
Average Concentration of SO  4

Season ()g/m ) ()g/m )

CASTNet RPM
SO SO4

3
4

3

Warm 7.8 9.1

Cold 3.7 3.6

Annual 5.4 6.6

&KDQJ/#-1##HW#DO1#4<;:/#&KDQJ/#-1#HW#DO1#4<<3/#DQG#'HQQLV/#51#HW9

DO1#4<<31
'HQQLV/#51#HW#DO1#4<<6/#0F+HQU\#-1#DQG#'HQQLV/#51#4<<7/#DQG:

([WHUQDO#5HYLHZ#3DQHO#4<<71
8161#(3$/#4<<81;

'HQQLV/#51#4<<:#DQG#(3$#4<<:1<
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Table C-7
Comparison of CASTNet and RPM
Average Concentrations and Fractions of NO 3

Season ()g/m ) ()g/m ) (ratio) (ratio)

CASTNet RPM CASTNet RPM
NO NO NO /t-NO NO /t-NO3

3
3

3
3 3 3 3

Autumn 1.39 1.25 0.42 0.42

Winter 1.67 1.01 0.44 0.44

Spring 0.85 1.07 0.24 0.24

Summer 0.42 0.57 0.14 0.10

Annual 1.06 1.06 0.31 0.27

RADM/RPM Modeling Results

5$'02530#JHQHUDWHG#HVWLPDWHV#RI#QLWUDWH#DQG
VXOIDWH# FRQFHQWUDWLRQV# IRU# WKH# \HDUV# 5333# DQG# 5343
XQGHU#ERWK#WKH#3UH0#DQG#3RVW0&$$$#VFHQDULRV1##7KHVH
WZR#FRQVWLWXHQWV#DUH#PDMRU#FRPSRQHQWV#RI#VHFRQGDU\
301# # $V# GHVFULEHG# LQ# PRUH# GHWDLO# ODWHU# LQ# WKLV
DSSHQGL[/# WKHVH#5$'02530# UHVXOWV#ZHUH#XVHG# WR
SURMHFW# 4<<3# REVHUYHG# QLWUDWH# DQG# VXOIDWH
FRQFHQWUDWLRQV# WR# IXWXUH# \HDU# OHYHOV1# # )URP# WKHVH
IXWXUH#\HDU#HVWLPDWHV/#PRQLWRU0OHYHO#30 #DQG#3043 518
FRQFHQWUDWLRQV#ZHUH#FDOFXODWHG#IRU#5333#DQG#53431

&RPSDULVRQ#RI# 4<<3#EDVH# \HDU#30# OHYHOV#ZLWK
IXWXUH#\HDU#3UH0#DQG#3RVW0&$$$#HVWLPDWHV#VKRZV#WKDW
XQGHU#WKH#3UH0&$$$#VFHQDULR/#FRQFHQWUDWLRQV#RI#3043
DQG#30 #DUH#JHQHUDOO\#H[SHFWHG#WR#LQFUHDVH#IURP#EDVH518
\HDU# OHYHOV1# #8QGHU# WKH#3RVW0&$$$# VFHQDULR/#ERWK
30 # DQG# 30 # FRQFHQWUDWLRQV# DUH# SUHGLFWHG# WR43 518
GHFUHDVH#WKURXJKRXW#PXFK#RI#WKH#8161#LQ#ERWK#5333
DQG# 5343/#ZLWK#JUHDWHU#GHFUHDVHV# H[SHFWHG# LQ# 53431
7KH#KLVWRJUDPV#LQ#)LJXUHV#&054#WKURXJK#&057#VKRZ
WKH#UHODWLRQVKLS#EHWZHHQ#EDVH#\HDU#DQG#IXWXUH#\HDU#30
HVWLPDWHV1# # ,Q# WKHVH# ILJXUHV/# UDWLRV#JUHDWHU# WKDQ#RQH
LQGLFDWH#WKDW#WKH#IXWXUH#\HDU#FRQFHQWUDWLRQ#LV#JUHDWHU
WKDQ#WKH#4<<3#EDVH#\HDU#YDOXH/#ZKLOH#UDWLRV#OHVV#WKDQ
RQH#LQGLFDWH#D#ORZHU#YDOXH#IRU#WKH#IXWXUH1##)LJXUHV#&058
DQG#&059# VKRZ# WKH# UHODWLRQVKLS# EHWZHHQ# 3UH0# DQG
3RVW0&$$$#30#HVWLPDWHV1# #$OO#RI#WKHVH#KLVWRJUDPV
SUHVHQW# GDWD# IRU# WKH# HQWLUH# 8161/# LQFOXGLQJ
5$'02530#GDWD#IRU#WKH#(DVW#DQG#5(06$'#GDWD
IRU#WKH#:HVW#+VHH#EHORZ,1

Overview of the REMSAD Modeling
System

7KH#5HJXODWRU\#0RGHOLQJ# 6\VWHP# IRU#$HURVROV
DQG# 'HSRVLWLRQ# +5(06$',# SURJUDPV# KDYH# EHHQ
GHYHORSHG#WR#VXSSRUW#D#EHWWHU#XQGHUVWDQGLQJ#RI#WKH
GLVWULEXWLRQV/#VRXUFHV/#DQG#UHPRYDO#SURFHVVHV#UHOHYDQW
WR# ILQH# SDUWLFOHV# DQG# RWKHU# DLUERUQH# SROOXWDQWV/
LQFOXGLQJ# VROXEOH# DFLGLF# FRPSRQHQWV# DQG# WR[LFV1
&RQVLGHUDWLRQ#RI# WKH#GLIIHUHQW#SURFHVVHV# WKDW#DIIHFW
SULPDU\#DQG#VHFRQGDU\#+L1H1/#IRUPHG#E\#DWPRVSKHULF
SURFHVVHV,#SDUWLFXODWH#PDWWHU#DW#WKH#UHJLRQDO#VFDOH#LQ
GLIIHUHQW# SODFHV# LV# IXQGDPHQWDO# WR# DGYDQFLQJ# WKLV
XQGHUVWDQGLQJ# DQG# WR# DVVHVVLQJ# WKH# HIIHFWV# RI
SURSRVHG#SROOXWLRQ# FRQWURO#PHDVXUHV1# #7KHVH# VDPH
FRQWURO#PHDVXUHV#ZLOO/# LQ#PRVW# FDVHV/# DIIHFW#R]RQH/
SDUWLFXODWH#PDWWHU#DQG#GHSRVLWLRQ#RI#SROOXWDQWV#WR#WKH
VXUIDFH1

7KH#5(06$'# V\VWHP#ZDV# LQLWLDOO\# IRFXVHG#RQ
DWPRVSKHULF# DHURVROV# DQG# WKH# GHSRVLWLRQ# RI# WR[LF
SROOXWDQWV#VXFK#DV#PHUFXU\#IURP#WKH#DLU#WR#WKH#VXUIDFH1
$Q\#PRGHOLQJ# V\VWHP# IRU# DHURVROV# DQG# GHSRVLWLRQ
PXVW#EH#EXLOW#RQ#WKH#IRXQGDWLRQ#RI#DQ#DWPRVSKHULF
WUDQVSRUW#DQG#GLVSHUVLRQ#PRGHO1##0DQ\#DWPRVSKHULF
GLVSHUVLRQ#PRGHOV#KDYH#EHHQ#GHYHORSHG#VLQFH#WKH#ODWH
4<:3V#DQG#DSSOLHG#IRU#YDULRXV#SXUSRVHV1##8UEDQ#DQG
UHJLRQDO#DLU#TXDOLW\#PRGHOV#DUH#JHQHUDOO\#EDVHG#RQ#WKH
(XOHULDQ#DSSURDFK1##7KH#5(06$'#V\VWHP#LV#EXLOW#RQ
WKH# IRXQGDWLRQ# RI# WKH#8$009# UHJLRQDO# DLU# TXDOLW\
PRGHO/# ZKLFK# LQFOXGHV# D# QXPEHU# RI# DGYDQWDJHRXV
FDSDELOLWLHV1# # 7KH# 5(06$'# DHURVRO# DQG# WR[LFV
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GHSRVLWLRQ#PRGXOH#+$7'0,#LV#FDSDEOH#RI#´QHVWLQJµ#D ü 7KH#DPELHQW#DLU#TXDOLW\#LPPHGLDWHO\#XSZLQG
ILQHU0VFDOH#VXEJULG#ZLWKLQ#D#FRDUVHU#RYHUDOO#JULG/#ZKLFK DQG#DERYH#WKH#UHJLRQ#RI#VWXG\1
SHUPLWV#KLJK#UHVROXWLRQ#RYHU#UHFHSWRU#UHJLRQV#ZLWKRXW
DQ# LQWROHUDEOH# FRPSXWLQJ# EXUGHQ1# # 7KH# PRGHOLQJ 7KH#$7'0#PRGXOH# VLPXODWHV# WKHVH# SURFHVVHV
V\VWHP#PD\#WKXV#EH#DSSOLHG#DW#VFDOHV#UDQJLQJ#IURP#D ZKHQ# LW# LV#XVHG#WR#VLPXODWH#DHURVRO#GLVWULEXWLRQ#DQG
VLQJOH#PHWURSROLWDQ#UHJLRQ#WR#D#FRQWLQHQW#FRQWDLQLQJ WR[LF# GHSRVLWLRQ1# # 7KH# PRGHO# VROYHV# WKH# VSHFLHV
PXOWLSOH#XUEDQ#DUHDV1 FRQWLQXLW\# HTXDWLRQ#XVLQJ# WKH#PHWKRG#RI# IUDFWLRQDO

7KH# 5(06$'# V\VWHP# FRQVLVWV# RI# D
PHWHRURORJLFDO#GDWD#SUHSURFHVVRU/#WKH#FRUH#DHURVRO#DQG
WR[LF#GHSRVLWLRQ#PRGHO#+$7'0,/#DQG#SRVWSURFHVVLQJ
SURJUDPV1# #7KH#$7'0# LV#D# WKUHH0GLPHQVLRQDO#JULG
PRGHO# GHVLJQHG# WR# FDOFXODWH# WKH# FRQFHQWUDWLRQV# RI
ERWK# LQHUW# DQG# FKHPLFDOO\# UHDFWLYH# SROOXWDQWV# E\
VLPXODWLQJ#WKH#SK\VLFDO#DQG#FKHPLFDO#SURFHVVHV#LQ#WKH
DWPRVSKHUH#WKDW#DIIHFW#SROOXWDQW#FRQFHQWUDWLRQV1##7KH
EDVLV# IRU# WKH#PRGHO# LV# WKH#DWPRVSKHULF#GLIIXVLRQ#RU
VSHFLHV#FRQWLQXLW\#HTXDWLRQ1##7KLV#HTXDWLRQ#UHSUHVHQWV
D#PDVV#EDODQFH#LQ#ZKLFK#DOO#RI#WKH#UHOHYDQW#HPLVVLRQV/
WUDQVSRUW/#GLIIXVLRQ/#FKHPLFDO#UHDFWLRQV/#DQG#UHPRYDO
SURFHVVHV#DUH#H[SUHVVHG#LQ#PDWKHPDWLFDO#WHUPV1##7KH
PRGHO# LV#XVXDOO\# H[HUFLVHG#RYHU# D#PXOWL0GD\#SHULRG/
W\SLFDOO\#D#IXOO#\HDU1

)LQH#SDUWLFOHV#+RU#DHURVROV,#DUH#FXUUHQWO\#WKRXJKW
WR#SRVH#RQH#RI#WKH#JUHDWHVW#SUREOHPV#IRU#KXPDQ#KHDOWK
LPSDFWV# IURP#DLU#SROOXWLRQ1# #7KH#PDMRU# IDFWRUV# WKDW
DIIHFW#DHURVRO#DLU#TXDOLW\#LQFOXGH=

ü 7KH#VSDWLDO#DQG#WHPSRUDO#GLVWULEXWLRQ#RI#WR[LF
DQG# SDUWLFXODWH# HPLVVLRQV# LQFOXGLQJ# VXOIXU
GLR[LGH# +62 ,/# R[LGHV# RI# QLWURJHQ# +12 ,/5 [
YRODWLOH# RUJDQLF# FRPSRXQGV# +92&,/# DQG
DPPRQLXP#+1+ ,#+ERWK#DQWKURSRJHQLF#DQG6
QRQDQWKURSRJHQLF,/

ü 7KH#VL]H#FRPSRVLWLRQ#RI#WKH#HPLWWHG#30/
ü 7KH# VSDWLDO# DQG# WHPSRUDO# YDULDWLRQV# LQ# WKH

ZLQG#ILHOGV/
ü 7KH# G\QDPLFV# RI# WKH# ERXQGDU\# OD\HU/

LQFOXGLQJ#VWDELOLW\#DQG#WKH#OHYHO#RI#PL[LQJ/
ü 7KH#FKHPLFDO#UHDFWLRQV# LQYROYLQJ#30/#62 /5

12 #DQG#RWKHU#LPSRUWDQW#SUHFXUVRU#VSHFLHV/[
ü 7KH#GLXUQDO#YDULDWLRQV#RI#VRODU#LQVXODWLRQ#DQG

WHPSHUDWXUH/
ü 7KH#ORVV#RI#SULPDU\#DQG#VHFRQGDU\#DHURVROV

DQG#WR[LFV#E\#GU\#DQG#ZHW#GHSRVLWLRQ/#DQG

VWHSV/#LQ#ZKLFK#WKH#LQGLYLGXDO#WHUPV#LQ#WKH#HTXDWLRQ#DUH
VROYHG#VHSDUDWHO\#LQ#WKH#IROORZLQJ#RUGHU=#HPLVVLRQV#DUH
LQMHFWHG># KRUL]RQWDO# DGYHFWLRQ2GLIIXVLRQ# LV# VROYHG>
YHUWLFDO#DGYHFWLRQ2GLIIXVLRQ#DQG#GHSRVLWLRQ#LV#VROYHG>
DQG# FKHPLFDO# WUDQVIRUPDWLRQV# DUH# SHUIRUPHG# IRU
UHDFWLYH#SROOXWDQWV1# #7KH#PRGHO#SHUIRUPV#WKLV#IRXU0
VWHS# VROXWLRQ# SURFHGXUH# GXULQJ# RQH# KDOI# RI# HDFK
DGYHFWLYH# +GULYLQJ,# WLPH#VWHS/#DQG# WKHQ#UHYHUVHV# WKH
RUGHU#IRU#WKH#IROORZLQJ#KDOI#WLPH#VWHS1##7KH#PD[LPXP
DGYHFWLYH#WLPH#VWHS#IRU#VWDELOLW\# LV#D#IXQFWLRQ#RI#WKH
JULG#VL]H#DQG#WKH#PD[LPXP#ZLQG#YHORFLW\#RU#KRUL]RQWDO
GLIIXVLRQ#FRHIILFLHQW1##9HUWLFDO#GLIIXVLRQ#LV#VROYHG#RQ
IUDFWLRQV# RI# WKH# DGYHFWLYH# WLPH# VWHS# WR# NHHS# WKHLU
LQGLYLGXDO#QXPHULFDO#VFKHPHV#VWDEOH1##$#W\SLFDO#GULYLQJ
WLPH#VWHS#IRU#FRDUVH#+83²;3#NP,#JULG#VSDFLQJ#LV#43²48
PLQXWHV/# ZKHUHDV# WLPH# VWHSV# IRU# ILQH# JULG# VSDFLQJ
+43²63#NP,#DUH#RQ#WKH#RUGHU#RI#D#IHZ#PLQXWHV1

0RGHO#LQSXWV#DUH#SUHSDUHG#IRU#PHWHRURORJLFDO#DQG
HPLVVLRQV# GDWD# IRU# WKH# VLPXODWLRQ# GD\V1# #2QFH# WKH
PRGHO#UHVXOWV#KDYH#EHHQ#HYDOXDWHG#DQG#GHWHUPLQHG#WR
SHUIRUP#ZLWKLQ#SUHVFULEHG#OHYHOV/#D#SURMHFWHG#HPLVVLRQ
LQYHQWRU\# FDQ#EH# XVHG# WR# VLPXODWH#SRVVLEOH#SROLF\0
GULYHQ#HPLVVLRQ#VFHQDULRV1

5(06$'#SURYLGHV#JULGGHG#DYHUDJHG#VXUIDFH#DQG
PXOWL0OD\HU#LQVWDQWDQHRXV#FRQFHQWUDWLRQV/#DQG#VXUIDFH
GHSRVLWLRQ#RXWSXW#IRU#DOO#VSHFLHV#DQG#JULGV#VLPXODWHG1
7KH#DYHUDJHG#VXUIDFH#FRQFHQWUDWLRQV#DQG#GHSRVLWLRQV
DUH#LQWHQGHG#IRU#FRPSDULVRQ#ZLWK#PHDVXUHPHQWV#DQG
DPELHQW#VWDQGDUGV1##7KH#LQVWDQWDQHRXV#FRQFHQWUDWLRQ
RXWSXW#LV#SULPDULO\#XVHG#WR#UHVWDUW#WKH#PRGHO/#DQG#WR
H[DPLQH# PRGHO# UHVXOWV# LQ# WKH# XSSHU# OHYHOV1
&RQFHQWUDWLRQV#RI#SDUWLFXODWHV#DUH#SDVVHG#DV#LQSXW#WR
D#PRGXOH#WKDW#HVWLPDWHV#DWPRVSKHULF#YLVLELOLW\1##:HW
DQG#GU\#DFLGLF#GHSRVLWLRQ#IOX[HV#DUH#FDOFXODWHG#KRXUO\
DQG#PD\#EH#DFFXPXODWHG#IRU#DQ\#GHVLUHG#LQWHUYDO1

7KH# SDUWLFXODWH# PDWWHU# VSHFLHV# PRGHOHG# E\
5(06$'# LQFOXGH# D# SULPDU\# FRDUVH# IUDFWLRQ
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+FRUUHVSRQGLQJ#WR#SDUWLFXODWHV#LQ#WKH#518#WR#43#PLFURQ ILHOGV# LV#QHFHVVDU\#ERWK# VSDWLDOO\# DQG# WHPSRUDOO\# LQ
VL]H#UDQJH,/#D#SULPDU\#ILQH#IUDFWLRQ#+FRUUHVSRQGLQJ#WR RUGHU# WR#DGHTXDWHO\#FDSWXUH# WKH#FRPSOH[#HIIHFWV#RI
SDUWLFXODWHV# OHVV# WKDQ# 518#PLFURQV# LQ#GLDPHWHU,/#DQG WHUUDLQ#RQ#DLUIORZ#DQG#KHQFH#WUDQVSRUW#DQG#GHSRVLWLRQ
VHYHUDO#VHFRQGDU\#SDUWLFXODWHV#+H1J1/#VXOIDWHV/#QLWUDWHV/ RI#SROOXWDQWV1##,Q#DGGLWLRQ#WKH#PHWHRURORJ\#PXVW#EH
DQG#RUJDQLFV,1##7KH#VXP#RI#WKH#SULPDU\#ILQH#IUDFWLRQ VXIILFLHQWO\# UHVROYHG# LQ# RUGHU# IRU# WKH# PRGHO# WR
DQG# DOO# RI# WKH# VHFRQGDULHV# LV# WDNHQ# WR# EH# URXJKO\ DFFXUDWHO\# GLDJQRVH# WKH# DSSURSULDWH# FORXG
UHSUHVHQWDWLYH#RI#30 1##7DEOH#&0;#OLVWV#WKH#VLPXODWHG FKDUDFWHULVWLFV# UHTXLUHG# E\# WKH# YDULRXV518
VSHFLHV#ZULWWHQ#WR#WKH#5(06$'#RXWSXW#ILOHV1# SDUDPHWHUL]DWLRQV#RI#WKH#FORXG#SURFHVVHV#WUHDWHG#E\

$#QXPEHU#RI#LVVXHV#DUH#SDUWLFXODUO\#LPSRUWDQW#WR WHPSRUDOO\# YDU\LQJ# WKUHH#GLPHQVLRQDO# JULGGHG#ZLQG
D#VXFFHVVIXO#DSSOLFDWLRQ#RI#5(06$'#IRU#HYDOXDWLQJ ILHOGV/# WHPSHUDWXUH/#KXPLGLW\# DQG# YHUWLFDO# H[FKDQJH
WKH# DWPRVSKHULF# WUDQVSRUW# DQG# GHSRVLWLRQ# RI FRHIILFLHQWV# LQ#DGGLWLRQ# WR# WKH#VXUIDFH#SUHVVXUH#DQG
SROOXWDQWV1##7KHVH#LQFOXGH#WKH#PHWHRURORJ\/#DFFXUDF\ SUHFLSLWDWLRQ#UDWHV1
DQG# UHSUHVHQWDWLYHQHVV# RI# WKH# HPLVVLRQ# LQYHQWRU\/
UHVROXWLRQ/#VWUXFWXUH#DQG#H[WHQW#RI#WKH#PRGHOLQJ#JULG/ 9HUVLRQ# 713#RI# WKH#5(06$'#PRGHOLQJ#V\VWHP
DQG#WKH#WUHDWPHQW#RI#XUEDQ#DUHDV#LQ#ERWK#WKH#VRXUFH +ZLWK#VLPSOLILHG#R]RQH#FKHPLVWU\,#ZDV#HPSOR\HG#IRU
DQG# UHFHSWRU# DUHDV# RI# WKH# FRPSXWDWLRQDO# JULG1 WKLV#VWXG\1#
$FFXUDWH#UHSUHVHQWDWLRQ#RI#WKH# LQSXW#PHWHRURORJLFDO

WKH# PRGHO1# # 7KH# UHTXLUHG# LQSXW# ILHOGV# LQFOXGH

Table C-8
REMSAD Output File Species

REMSAD Species Gas/Aerosol Description1

NO G Nitric oxide
NO G Nitrogen dioxide2

SO G Sulfur dioxide2

CO G Carbon monoxide
NH G Ammonia3

VOC G Volatile organic compounds
HNO G Nitric acid3

PNO A Particulate nitrate3

GSO4 A Particulate sulfate (gas phase production)
ASO4 A Particulate sulfate (aqueous phase production)
NH4N A Ammonium nitrate
NH4S A Ammonium sulfate
SOA A Secondary organic aerosols
POA A Primary organic aerosols
PEC A Primary elemental carbon
Pmfine A Primary fine PM (<2.5 microns)
Pmcoarse A Primary coarse PM  (2.5 to 10 microns)2

Sulfate=GSO4+ASO4+NH4S
Nitrate=PNO3+NH4N
Total PM2.5 surrogate=sulfate+nitrate+SOA+POA +Pmfine
 These are names used in the model and, for the aerosols, are not necessarily the correct molecular formula (the1

integers are subscripted only when the formula correctly reflects the species).
  Note that (for consistency with the REMSAD User’s Guide) we are using the terminology “coarse PM” to mean PM in2

the size range of 2.5 to 10 microns, which is not in agreement with general use, which defines coarse PM to be
particles with size greater than 2.5 microns. 
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Application of REMSAD for the
Western U.S.

)RU# WKLV#VWXG\/# WKH#5(06$'#PRGHOLQJ#V\VWHP
ZDV#DSSOLHG# IRU# WKH#DQDO\VLV#RI#30#DQG#YLVLELOLW\# LQ
ZHVWHUQ#8161###$OWKRXJK#WKH#PRGHOLQJ#GRPDLQ#LQFOXGHV
WKH#HQWLUH#8161#+FRQWLJXRXV#7;#VWDWHV,/#RQO\#WKH#UHVXOWV
IRU#WKH#ZHVWHUQ#8161#ZHUH#XVHG#WR#FDOFXODWH#WKH#IXWXUH0
\HDU#30#FRQFHQWUDWLRQ#SURILOHV1##+RZHYHU/#WKH#UHVXOWV
IRU# WKH# HQWLUH# GRPDLQ# DUH# SUHVHQWHG# KHUH1# # 7KH
DSSOLFDWLRQ# SURFHGXUHV# DQG# PRGHOLQJ# UHVXOWV# DUH
VXPPDUL]HG#LQ#WKLV#VHFWLRQ1

Modeling Domain

7KH#5(06$'#PRGHOLQJ#GRPDLQ# HQFRPSDVVHV
WKH#FRQWLJXRXV#7;#VWDWHV1##7KH#GRPDLQ#H[WHQGV#IURP
459# GHJUHHV# ZHVW# ORQJLWXGH# WR# 99# GHJUHHV# ZHVW
ORQJLWXGH/#DQG#IURP#57#GHJUHHV#QRUWK# ODWLWXGH#WR#85
GHJUHHV# QRUWK# ODWLWXGH1# # $# JULG# FHOO# VL]H# RI# 526
ORQJLWXGH#E\#425#ODWLWXGH#+DSSUR[LPDWHO\#89#E\#89#NP,
ZDV#XVHG#DFURVV#WKH#JULG/#UHVXOWLQJ#LQ#D#<3#E\#88#JULG
+7/<83# FHOOV,# IRU# HDFK# YHUWLFDO# OD\HU1# #(LJKW# YHUWLFDO
OD\HUV#ZHUH#XVHG#IRU#WKH#30#PRGHOLQJ#DQG#WKH#ILUVW
OD\HU#UHVXOWV#ZHUH#XVHG#WR#HVWLPDWH#IXWXUH#DLU#TXDOLW\#IRU
WKH# VXUIDFH#PRQLWRULQJ# VLWHV1# #$OWKRXJK#5(06$'
FRYHUV#WKH#HQWLUH#8161/#LQ#WKLV#DQDO\VLV#RQO\#UHVXOWV#IRU
WKHLU#44#ZHVWHUQPRVW#VWDWHV#DUH#XVHG1#

Simulation Periods

)RXU# VLPXODWLRQ# SHULRGV# RU# HSLVRGHV# ZHUH
PRGHOHG1# #7KHVH# HSLVRGHV# FRUUHVSRQG# WR# WKH# IRXU
VHDVRQV#RI#WKH#\HDU#DQG#FRQVLVW#RI#WKH#ILUVW#WHQ#GD\V#RI
WKH#PRQWKV#RI#0D\#+VSULQJ,/#-XO\#+VXPPHU,/#2FWREHU
+IDOO,/#DQG#'HFHPEHU#+ZLQWHU,1

Model Inputs

7KH#5(06$'#PRGHOLQJ#V\VWHP#DOVR#UHTXLUHV#D
YDULHW\# RI# LQSXW# ILOHV# WKDW# FRQWDLQ# LQIRUPDWLRQ
SHUWDLQLQJ# WR# WKH#PRGHOLQJ# GRPDLQ# DQG# VLPXODWLRQ
SHULRG1##7KHVH#LQFOXGH#JULGGHG/#GD\0VSHFLILF#HPLVVLRQV
HVWLPDWHV# DQG# PHWHRURORJLFDO# ILHOGV># LQLWLDO# DQG
ERXQGDU\#FRQGLWLRQV>#DQG#ODQG0XVH#LQIRUPDWLRQ1

6HSDUDWH#HPLVVLRQ#LQYHQWRULHV#ZHUH#SUHSDUHG#IRU
WKH#EDVH0\HDU#DQG#HDFK#RI#WKH#IXWXUH0\HDU#VFHQDULRV1
$OO# RWKHU# LQSXWV# ZHUH# VSHFLILHG# IRU# WKH# EDVH0\HDU
PRGHO#DSSOLFDWLRQ#+4<<3,#DQG#UHPDLQHG#XQFKDQJHG#IRU
HDFK#IXWXUH0\HDU#PRGHOLQJ#VFHQDULR1

Modeling Emission Inventories

7KH#GDWD#DQG#PHWKRGRORJLHV#XVHG#WR#SUHSDUH#WKH
5(06$'#PRGHOLQJ# HPLVVLRQ# LQYHQWRULHV# IRU# WKLV
VWXG\# ZHUH# FRQVLVWHQW# ZLWK# WKRVH# XVHG# IRU# WKH
SKRWRFKHPLFDO# PRGHOLQJ/# EXW# LQFOXGHG# SULPDU\
SDUWLFXODWHV# DQG# RWKHU# VSHFLHV# DV# UHTXLUHG# IRU# WKH
SDUWLFXODWH# FKHPLVWU\1# # 6LPLODU# WR# 8$028$009/
5(06$'/# UHTXLUHV# GHWDLOHG# HPLVVLRQ# LQYHQWRULHV/
FRQWDLQLQJ# WHPSRUDOO\# DOORFDWHG# HPLVVLRQV# IRU# HDFK
JULG# FHOO# LQ# WKH#PRGHOLQJ# GRPDLQ# IRU# HDFK# VSHFLHV
EHLQJ#VLPXODWHG1##(36#518H#ZDV#XVHG#IRU#WKH#HPLVVLRQV
SURFHVVLQJ1# # 1RWH# WKDW# WKLV# V\VWHP# KDV# EHHQ
VSHFLILFDOO\#GHVLJQHG#WR#DFFRPPRGDWH#UHJLRQDO0VFDOH
PRGHO# DSSOLFDWLRQV# RI# SDUWLFXODWH#PDWWHU# DQG# WR[LF
VSHFLHV#DV#ZHOO#DV#R]RQH#SUHFXUVRUV1#

7KH#HPLVVLRQV#VFHQDULRV#IRU#WKLV#VWXG\#LQFOXGHG
4<<3#EDVH/#5333#3UH0&$$$/#5333#3RVW0&$$$/#5343
3UH0&$$$/#DQG#5343#3RVW0&$$$#VFHQDULRV1# #(DFK
LQYHQWRU\#LQFOXGHV#W\SLFDO#VHDVRQ#ZHHNGD\#DUHD#VRXUFH
HPLVVLRQV/# W\SLFDO# VXPPHU# RU# ZLQWHU# GD\# XWLOLW\
HPLVVLRQV# +DV# DSSURSULDWH,/# W\SLFDO# VHDVRQ#ZHHNGD\
QRQ0XWLOLW\#SRLQW#VRXUFH#HPLVVLRQV/#DQG#W\SLFDO#VHDVRQ
GD\#ELRJHQLF#HPLVVLRQV1

7KH#DQWKURSRJHQLF#LQSXW#HPLVVLRQV#LQYHQWRU\#GDWD
ZHUH#SURYLGHG#E\#3HFKDQ#+4<<;,1##7KHVH#LQFOXGHG#DUHD
DQG#SRLQW#VRXUFH#HPLVVLRQV#GDWD# IURP# WKH#1DWLRQDO
3DUWLFXODWHV# ,QYHQWRU\# +E\# FRXQW\# DQG# IRU# VSHFLILF
SRLQW# VRXUFHV,># FRXQW\0OHYHO# YHKLFOH# PLOHV# WUDYHOHG
+907,#HVWLPDWHV>#PRELOH0VRXUFH#HPLVVLRQ#IDFWRUV#IRU
92&/#12 /#DQG#&2>#DQG#30#HPLVVLRQ#HVWLPDWHV#IRU[
PRELOH# VRXUFHV1# # 1RWH# WKDW# URDG# GXVW# DQG# RWKHU
SULPDU\#SDUWLFXODWHV#DUH# LQFOXGHG# LQ# WKH#DUHD0VRXUFH
HPLVVLRQV#ILOH1

6HDVRQDO# ELRJHQLF# HPLVVLRQ# HVWLPDWHV# IRU# WKH
GRPDLQ#ZHUH#SUHSDUHG#XVLQJ#YHUVLRQ#5#RI#WKH#(3$*V
8$0#%LRJHQLF#(PLVVLRQV#,QYHQWRU\#6\VWHP#+%(,605,1
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%(,605#+ZKLFK#HVWLPDWHV#ELRJHQLF#HPLVVLRQV#EDVHG#RQ (PLVVLRQ# LQSXWV# WR# WKH#5(06$'# IRU# VHOHFWHG
YDULRXV#ELRPDVV/#HPLVVLRQ/#DQG#HQYLURQPHQWDO#IDFWRUV, VSHFLHV/#E\#FRPSRQHQW/#DUH#SURYLGHG#LQ#7DEOH#&0431
XWLOL]HV# ODQG0XVH# LQIRUPDWLRQ# WR# GHWHUPLQH# WKH 7KH# SXUSRVH# RI# WKH# WDEOHV# LV# WR# TXDQWLI\# WKH
GLVWULEXWLRQ#RI#ELRJHQLF#HPLVVLRQV1 FRQWULEXWLRQ# RI# HDFK# VRXUFH# FDWHJRU\# WR# WRWDO

3UHOLPLQDU\#SURFHVVLQJ#RI# WKH#GDWD#SULRU# WR# WKH
DSSOLFDWLRQ# RI# WKH#(36# 518H# V\VWHP#ZDV# QHFHVVDU\1
7KLV# FRQVLVWHG# RI# JHQHUDWLQJ# WKH# RQ0URDG# PRELOH
HPLVVLRQV#DQG#UHIRUPDWWLQJ#DOO#GDWD#LQWR#$06#DQG#$)6
ZRUNILOH#IRUPDW1# #3DUWLFXODWH#PDWWHU#SROOXWDQWV#IURP
RQ0URDG#PRELOH#HPLVVLRQV#ZHUH#SURYLGHG#DW#FRXQW\
OHYHO#DQG#ZHUH#EURNHQ#GRZQ#LQWR#45#GLIIHUHQW#XUEDQ
DQG#UXUDO#URDGZD\#FODVVLILFDWLRQV1##7R#WDNH#DGYDQWDJH
RI# WKH# WHPSRUDO# LQIRUPDWLRQ#SURYLGHG# LQ# WKH#XWLOLW\
HPLVVLRQV#GDWD/#VHDVRQDO#$)6#ZRUNILOHV#ZHUH#JHQHUDWHG
VHSDUDWHO\#IRU#WKH#VXPPHU#DQG#ZLQWHU#PRQWKV1#

$OO#DQWKURSRJHQLF#HPLVVLRQV#LQSXWV#WR#WKH#YDULRXV
PRGHOV# ZHUH# SUHSURFHVVHG# WKURXJK# WKH# (36# 518H
V\VWHP1# # 3RLQW/# DUHD/# DQG# RQ0URDG# PRELOH# VRXUFH
HPLVVLRQ#GDWD#ZHUH#SURFHVVHG#VHSDUDWHO\#WR#IDFLOLWDWH
ERWK#GDWD#WUDFNLQJ#IRU#TXDOLW\#FRQWURO#DQG#WKH#XVH#RI
WKH#GDWD#LQ#HYDOXDWLQJ#WKH#HIIHFWV#RI#DOWHUQDWLYH#FRQWURO
VWUDWHJLHV#RQ#VLPXODWHG#DLU#SROOXWDQW#FRQFHQWUDWLRQV1
7HPSRUDO# DQG# VSDWLDO# DOORFDWLRQ#ZHUH#SHUIRUPHG# DV
GHVFULEHG#LQ#6HFWLRQ#,,,1

3ULPDU\# SDUWLFXODWH# DQG# VHFRQGDU\# SDUWLFXODWH
SUHFXUVRU# HPLVVLRQV# DUH# EDVLFDOO\# GHULYHG# IURP
SDUWLFXODWH#PDWWHU#VSHFLHV/#L1H1/#30 /#30 /#DQG#1+ 143 518 6
7KHUHIRUH#D#FKHPLFDO#VSHFLDWLRQ#VFKHPH#WKDW#GLIIHUV
IURP#WKDW#IRU#92&#VSHFLDWLRQ#LV#DSSOLHG1##7DEOH#&0<
SURYLGHV# WKH# FKHPLFDO# VSHFLDWLRQ# DSSOLHG# IRU
5(06$'1

Table C-9

Chemical Speciation Schemes Applied for
REMSAD

VOC:  VOC

NH :  NH3 3

NO :  NO , NO, NOx X 2

PMC:  POA, PEC, GSO , PNO , PMcoars4 3

PM:  POA, PEC, GSO , PNO , Pmfine4 3

HPLVVLRQV1# # 7KH# VSHFLHV# VKRZQ# LQFOXGH# SULPDU\
SDUWLFXODWHV#DQG#RWKHU#VSHFLHV# WKDW#DUH# LPSRUWDQW# WR
VHFRQGDU\#SDUWLFXODWH#IRUPDWLRQ1##92&/#12 /#DQG#62[ 5
HPLVVLRQV# DUH# HVWLPDWHG# WR# LQFUHDVH#XQGHU# WKH#3UH0
&$$$# VFHQDULR# DQG# WR# GHFUHDVH# XQGHU# WKH# 3RVW0
&$$$#VFHQDULR1##)RU#62 /#WKH#GHFUHDVHV#FRPH#IURP5
WKH#XWLOLW\# VHFWRU# DQG# DUH#RIIVHW#E\# LQFUHDVHV# LQ# WKH
RWKHU#FRPSRQHQWV1##1+ #HPLVVLRQV#LQFUHDVH#IRU#ERWK6
VFHQDULRV# DQG# DUH# VOLJKWO\# KLJKHU# XQGHU# WKH# 3RVW0
&$$$# VFHQDULR# IRU#ERWK# \HDUV/#SUHVXPDEO\#GXH# WR
LQFUHDVHG# XVH#RI#QDWXUDO# JDV# IXHO1# #30 # DQG#3043 518
HPLVVLRQV# +SULPDU\# SDUWLFXODWHV,# DUH# VLPLODU# IRU# DOO
VFHQDULRV1

7KH# SULPDU\# FKHPLFDO# SURFHVV# IRU# 30
DSSOLFDWLRQV# LQ#5(06$'# LV#VXOIDWH# IRUPDWLRQ1# # ,Q0
FORXG# SURFHVVHV# FDQ# DFFRXQW# IRU# WKH# PDMRULW\# RI
DWPRVSKHULF# VXOIDWH# IRUPDWLRQ/# HVSHFLDOO\# LQ# WKH
ZLQWHUWLPH#ZKHQ#JDV0SKDVH#FKHPLVWU\# LV#VORZ1# #7KH
WZR#PRVW# LPSRUWDQW# SDWKZD\V# IRU# LQ0FORXG# VXOIDWH
IRUPDWLRQ# DUH# WKH# UHDFWLRQV# RI# DTXHRXV# 62 # ZLWK5
R]RQH#DQG#K\GURJHQ#SHUR[LGH#++ 2 ,1##$W#FORXG#S+5 5
EHORZ# 718# +PRVW# FRPPRQ# LQ# WKH# HDVWHUQ#8161,/# WKH
R]RQH# UHDFWLRQ# LV# VORZ# DQG# WKH# + 2 # UHDFWLRQ5 5
GRPLQDWHV1# # 6LQFH# WKH# + 2 # LV# RIWHQ# SUHVHQW# DW5 5
DPELHQW# FRQFHQWUDWLRQV# EHORZ# WKRVH# RI# 62 /5
IRUPDWLRQ#RI#VXOIDWH#FDQ#EH#OLPLWHG#E\#WKH#DYDLODELOLW\
RI# + 2 /# DQG# WKXV# FDQ# EH# TXLWH# QRQOLQHDU1# # 7KH5 5
IRUPDWLRQ#RI#+ 2 #LV#WLHG#WR#WKH#RYHUDOO#DWPRVSKHULF5 5
SKRWRFKHPLFDO# V\VWHP/#DQG# UHVSRQGV# WR#FKDQJHV# LQ
DPELHQW#OHYHOV#RI#92&#DQG#12 1##%HFDXVH#RI#WKLV#OLQN/[
HPLVVLRQ#FKDQJHV#IRU#92&#DQG#12 #PD\#KDYH#HIIHFWV[
RQ#DPELHQW#VXOIDWH#OHYHOV1##,Q#VKRUW/#WKH#HPLVVLRQV#RI
R]RQH#DQG#30#SUHFXUVRUV#+L1H1/#12 #DQG#92&,#ZLOO[
DIIHFW#WKH#R[LGL]LQJ#FDSDFLW\#RI#WKH#WURSRVSKHUH#ZKLFK
LV# UHSUHVHQWHG# SULPDULO\# E\# WKH# FRQFHQWUDWLRQV# RI
UDGLFDOV#DQG#K\GURJHQ#SHUR[LGH/#DQG#WKXV#DIIHFW#WKH
UDWH#RI#R[LGDWLRQ#RI#WKH#12 #DQG#62 #WR#QLWUDWH#DQG[ 5
VXOIDWH1

,Q#5(06$'/# WKHUH# LV#QR# UHODWLRQVKLS#EHWZHHQ
92&# HPLVVLRQV# DQG# WKH# SURGXFWLRQ# RI# VHFRQGDU\
RUJDQLF#DHURVRO#+62$,1
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Table C-10
Emission Totals by Component for each Scenario for the Entire U.S. (tpd)
VOC

Base 1990
2000 Pre- 2000 Post- 2010 Pre- 2010 Post-CAAA

CAAA CAAA CAAA

Area 33,972 39,154 27,620 43,708 28,575 
Onroad Mobile 18,659 16,454 10,683 18,776 8,804 
Point 9,503 10,298 8,457 11,606 9,454 
Utility 96 85 85 134 137 
          Total 62,229 65,991 46,845 74,224 46,970 
NOx

Base 1990
2000 Pre- 2000 Post- 2010 Pre- 2010 Post-CAAA

CAAA CAAA CAAA

Area 13,766 15,659 15,252 17,697 15,794 
Onroad Mobile 20,399 20,660 17,421 24,142 14,696 
Point 7,964 8,694 5,645 9,803 5,985 
Utility 20,188 22,787 11,170 24,808 10,319 
          Total 62,316 67,800 49,487 76,450 46,793 
SO2

Base 1990
2000 Pre- 2000 Post- 2010 Pre- 2010 Post-CAAA

CAAA CAAA CAAA

Area 3,517 4,174 4,174 4,811 4,811 
Onroad Mobile 1,555 1,730 924 2,109 1,121 
Point 12,808 14,620 14,620 16,422 16,422 
Utility 43,380 44,261 28,742 48,482 27,016 
          Total 61,260 64,786 48,460 71,823 49,369 
NH3

Base 1990
2000 Pre- 2000 Post- 2010 Pre- 2010 Post-CAAA

CAAA CAAA CAAA

Area 10,230 13,189 13,189 15,710 15,710 
Onroad Mobile 544 957 957 1,191 1,194 
Point 667 742 742 842 1,015 
Utility - - 91 -  608 
          Total 11,441 14,888 14,979 17,744 18,527 
PM10

Base 1990
2000 Pre- 2000 Post- 2010 Pre- 2010 Post-CAAA

CAAA CAAA CAAA

Area 73,221 74,431 72,640 74,532 72,240 
Onroad Mobile 972 799 706 814 563 
Point 2,549 2,891 2,891 3,252 3,252 
Utility 764 691 697 837 758 
          Total 77,507 78,812 76,933 79,435 76,813 
PM2.5

Base 1990
2000 Pre- 2000 Post- 2010 Pre- 2010 Post-CAAA

CAAA CAAA CAAA

Area 16,717 17,438 17,147 18,174 17,637 
Onroad Mobile 797 618 536 640 391 
Point 1,625 1,840 1,840 2,066 2,066 
Utility 288 247 250 332 305 
          Total 19,427 20,143 19,773 21,212 20,398 
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Air Quality, Meteorological, and
Land-Use Inputs

,QLWLDO#VSHFLHV#FRQFHQWUDWLRQV#DQG#ODWHUDO#ERXQGDU\
FRQGLWLRQV#ZHUH#VSHFLILHG#WR#DSSUR[LPDWH#EDFNJURXQG
FRQFHQWUDWLRQV# RI# WKH# VSHFLHV># IRU# WKH# ODWHUDO
ERXQGDULHV# WKH# FRQFHQWUDWLRQV# YDULHG# +GHFUHDVHG
SDUDEROLFDOO\,# ZLWK# KHLJKW1# # 7KH# EDFNJURXQG
FRQFHQWUDWLRQV#DUH#OLVWHG#LQ#7DEOH#&0441

Table C-11
Background Species Concentration used
for REMSAD Initial and Boundary
Conditions 1##

Species (ppd)
Concentration

NO 0.0

NO2 0.1

SO2 0.7

NH3 0.5

VOC 20.0

NHO3 0.01

PNO3 0.01

GSO4 0.1

ASO4 0.0

NH4N 0.01

NH4S 0.1

SOA 1

POA 1

PEC 5

PMFINE 1

PMCOARS 1

0HWHRURORJLFDO# LQSXWV# ZHUH# GHULYHG# EDVHG# RQ
RXWSXW# IURP# WKH# 3HQQV\OYDQLD# 6WDWH# 8QLYHUVLW\2
1DWLRQDO# &HQWHU# IRU# $WPRVSKHULF# 5HVHDUFK
+36821&$5,#PHVRVFDOH#PRGHO# +007,1# #*ULGGHG
ILHOGV#RI#KRUL]RQWDO#ZLQG#FRPSRQHQWV/#WHPSHUDWXUH/
ZDWHU0YDSRU# FRQFHQWUDWLRQ/# YHUWLFDO# H[FKDQJH
FRHIILFLHQW/#SUHFLSLWDWLRQ/#DQG#SUHVVXUH#ZHUH#SUHSDUHG
IRU# LQSXW# WR#5(06$'1# #/DQG0XVH# LQIRUPDWLRQ#ZDV
REWDLQHG# IURP# WKH# 86*6# GDWDEDVH# +DW# 4;# NP
UHVROXWLRQ,1

REMSAD Simulation Results

Model Performance

7KH# DVVHVVPHQW# RI# PRGHO# SHUIRUPDQFH# IRU
SDUWLFXODWH#PRGHOV#LV#D#GLIILFXOW#WDVN#GXH#WR#D#UHODWLYH
ODFN# RI# GDWD# DQG# LQIRUPDWLRQ# UHJDUGLQJ# WKH# VSDWLDO
GLVWULEXWLRQ/# FRPSRVLWLRQ/# DQG# VL]H# IUDFWLRQDWLRQ#RI
DLUERUQH#SDUWLFXODWHV1##'HYHORSPHQW#DQG#HYDOXDWLRQ#RI
SDUWLFXODWH#PHDVXUHPHQW#DQG#PRGHOLQJ#WHFKQLTXHV#DUH
DFWLYH# DUHDV# RI# UHVHDUFK1# # $V# D# UHVXOW/# WKHUH# DUH
FXUUHQWO\# QR# VWDQGDUG# DSSURDFKHV# RU# PRGHO
SHUIRUPDQFH#FULWHULD# IRU# WKH#HYDOXDWLRQ#RI# UHJLRQDO0
VFDOH# SDUWLFXODWH# PRGHOV1# # )RU# WKLV# VWXG\/# PRGHO
SHUIRUPDQFH# IRU# 5(06$'# ZDV# H[DPLQHG# E\
FRPSDULQJ# WKH# VLPXODWHG#YDOXHV#RI# VHOHFWHG# VSHFLHV
ZLWK#DYDLODEOH#GDWD1##7KLV#FRPSDULVRQ#LV#LQWHQGHG#WR
SURYLGH# DQ# LQGLFDWLRQ# DV# WR#ZKHWKHU# WKH# VLPXODWHG
YDOXHV#UHSUHVHQW#WKH#FRQFHQWUDWLRQ#OHYHOV#DQG#WKH#UDQJH
RI# FRQFHQWUDWLRQV# LQGLFDWHG# E\# WKH# DYDLODEOH
REVHUYDWLRQV1#

6XPPDULHV#RI#PRGHO#SHUIRUPDQFH#ZHUH#SUHSDUHG
E\# FRPSDULQJ# WKH# VLPXODWHG# YDOXHV# RI# 30# ZLWK
REVHUYHG# YDOXHV# UHSUHVHQWLQJ# VHDVRQDO# DYHUDJHV1
&RPSDULVRQV#ZHUH#SHUIRUPHG#IRU#WKH#HQWLUH#GRPDLQ
+HQWLUH#8161,/#WKH#ZHVWHUQ#8161/#DQG#WKH#HDVWHUQ#8161
2QO\# WKH# ZHVWHUQ# 8161# UHVXOWV# DUH# SUHVHQWHG# KHUH1
'DWD# IURP# ERWK# WKH# $,56# DQG# ,03529(# 30
PRQLWRULQJ#QHWZRUNV#ZHUH#LQFOXGHG#LQ#WKH#HYDOXDWLRQ1
5(06$'0GHULYHG#VXOIDWH#DQG#QLWUDWH#FRQFHQWUDWLRQV
ZHUH#DOVR#FRPSDUHG#WR#D#VPDOO#QXPEHU#RI#,03529(
PHDVXUHPHQWV1
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6FDWWHU#SORWV#IRU#30 #DUH#SURYLGHG#LQ#)LJXUHV#&0 ZHVWHUQ#8161/#WKH#LQFUHDVHV#RFFXU#RYHU#WKH#ODUJHU#XUEDQ43
48#WKURXJK#&04;1##)RU#30 /#WKHUH#LV#D#WHQGHQF\#IRU DUHDV#DQG#DUH#OLNHO\#DWWULEXWDEOH#WR#LQFUHDVHV#LQ#DUHDV043
XQGHUHVWLPDWLRQ# RI# WKH# VHDVRQDO# DYHUDJHV# LQ# WKH VRXUFH#HPLVVLRQV#RI#SUHFXUVRUV1##
ZHVWHUQ# 8161/# LQ# SDUWLFXODU# IRU# WKH# IDOO# DQG# ZLQWHU
VLPXODWLRQ#SHULRGV1# #6LPLODU#SORWV# IRU#30 /#VXOIDWH/518
DQG# QLWUDWH# DUH# DYDLODEOH# LQ# +6$,/# 4<<<,# DQG# VKRZ
JHQHUDOO\#JRRG#DJUHHPHQW#IRU#WKHVH#VSHFLHV1

7KHVH# SORWV# LQGLFDWH# WKDW# PRGHO# SHUIRUPDQFH +6$,/#4<<<,1
YDULHV# WKURXJKRXW# WKH#ZHVWHUQ#8161#DQG# WKURXJKRXW
WKH#\HDU1##$#FORVHU#ORRN#DW#WKH#FRPSDULVRQ#EHWZHHQ#WKH
VLPXODWHG# DQG# REVHUYHG# YDOXHV# LQGLFDWHV# WKDW# WKH
DJUHHPHQW#LV#JHQHUDOO\#EHWWHU#IRU#WKH#,03529(#VLWHV
DQG#WKDW#PRVW#RI#WKH#ODUJH#XQGHUHVWLPDWLRQ#RFFXUV#IRU
WKH#$,56# VLWHV1# #7KH# ,03529(# VLWHV# WHQG# WR# EH
ORFDWHG#LQ#UXUDO#DUHDV/#ZKLOH#WKH#$,56#VLWHV#WHQG#WR#EH
ORFDWHG#LQ#XUEDQ#DUHDV1##7KHUH#DUH#QXPHURXV#SRVVLEOH
H[SODQDWLRQV# IRU# WKH#GLIIHUHQFHV1# #2QH#SRVVLELOLW\# LV
WKDW#RQH#RU#PRUH#FRPSRQHQWV#RI#WKH#XUEDQ#HPLVVLRQV
PD\#QRW#EH#DFFXUDWHO\#UHSUHVHQWHG#LQ#WKH#LQYHQWRU\1##$
VHFRQG# SRVVLELOLW\# LV# WKDW# WKH# JULG# UHVROXWLRQ
+DSSUR[LPDWHO\#89#NP,#LV#QRW#VXIILFLHQW#WR#UHVROYH#WKH
XUEDQ0VFDOH# SURFHVVHV# LQIOXHQFLQJ# SDUWLFXODWH
IRUPDWLRQ# DQG# WUDQVSRUW1# # ,W# LV# HQFRXUDJLQJ# WKDW
JHQHUDOO\#JRRG#DJUHHPHQW#LV#DFKLHYHG#IRU#WKH#OLPLWHG
QXPEHU#RI#VXOIDWH#DQG#QLWUDWH#PHDVXUHPHQWV1##2YHUDOO/
WKH# PRGHO# SHUIRUPDQFH# UHVXOWV# VXJJHVW# WKDW# WKH
5(06$'# PRGHOLQJ# V\VWHP# +LQFOXGLQJ# WKH
PHWHRURORJLFDO/#DLU#TXDOLW\/#DQG#JHRJUDSKLFDO# LQSXWV,
SURYLGHV# D# UHDVRQDEOH# EDVLV# IRU# WKH# 6HFWLRQ# ;45
SURVSHFWLYH#PRGHOLQJ1##

REMSAD Modeling Results

7KH#5(06$'#VLPXODWLRQ#UHVXOWV#IRU#WKH#3UH0#DQG HVWLPDWLRQ#PHWKRGRORJ\# IRU#30/# DV# DSSOLHG# WR# WKH
3RVW0&$$$# VFHQDULRV# ZHUH# XVHG# LQ# WKLV# VWXG\# WR DQDO\VLV#RI#WKH#&$$$/#LV#GHVFULEHG#LQ#WKLV#VHFWLRQ1##
FDOFXODWH#IDFWRUV#IRU#DGMXVWPHQW#RI#REVHUYHG#GDWD#DQG
HVWLPDWLRQ#RI#IXWXUH0\HDU#FRQFHQWUDWLRQ#OHYHOV1##7KHVH
ZHUH# FDOFXODWHG# E\# FRPSDULQJ# WKH# VLPXODWHG
FRQFHQWUDWLRQV# FRUUHVSRQGLQJ# WR# HDFK# IXWXUH0
\HDU2VFHQDULR#VLPXODWLRQ#ZLWK#WKRVH#IRU#WKH#EDVH0\HDU
VLPXODWLRQ#+4<<3,1##7KHVH#FRPSDULVRQV#LQGLFDWH#WKDW
IRU#ERWK#IXWXUH#\HDUV#DQG#ERWK#VL]H#FDWHJRULHV/#WKH#3UH0
&$$$# VLPXODWLRQ# UHVXOWV# DUH# FKDUDFWHUL]HG# E\
LQFUHDVHV#LQ#30/#ZKLOH#WKH#3RVW0&$$$#UHVXOWV#VKRZ
ERWK# LQFUHDVHV# DQG# GHFUHDVHV1# # )RFXVLQJ# RQ# WKH

:KLOH# WKHUH#DUH# LQFUHDVHV# LQ#SULPDU\#SDUWLFXODWH
HPLVVLRQV#IRU#VRPH#SRUWLRQV#RI#WKH#ZHVW/#PRVW#RI#WKH
LQFUHDVHV# DUH# DWWULEXWDEOH# WR# VHFRQGDU\# SDUWLFOHV1
,VRSOHWK#PDSV#IRU#WKHVH#FRPSDULVRQV#DUH#DYDLODEOH#LQ

)LJXUHV#&04<#DQG#&053#LOOXVWUDWH#WKH#GLIIHUHQFHV#LQ
VHDVRQDO#DYHUDJH#VLPXODWHG#30#FRQFHQWUDWLRQ#EHWZHHQ
WKH#3UH0#DQG#3RVW0&$$$#VLPXODWLRQV#IRU#5343#IRU#WKH
VXPPHU# SHULRG1# #7KH# GLIIHUHQFHV# DUH# FDOFXODWHG# DV
3RVW0&$$$#PLQXV#3UH0&$$$/#VR#WKDW#QHJDWLYH#YDOXHV
LQGLFDWH# ORZHU# FRQFHQWUDWLRQV# IRU# WKH# 3RVW0&$$$
VFHQDULR1##7KH#VLPXODWHG#YDOXHV#IRU#WKH#3RVW0&$$$
VFHQDULR#DUH#ORZHU#WKDQ#WKH#FRUUHVSRQGLQJ#3UH0&$$$
YDOXHV# IRU# ERWK# \HDUV1# #7KH#PDJQLWXGH# DQG# VSDWLDO
H[WHQW#RI#WKH#GHFUHDVHV# LV#JUHDWHU#IRU#5343#WKDQ#IRU
5333#+QRW#VKRZQ,1

Calculation of PM Air Quality Profiles

7KH#FDOFXODWLRQ#RI#30#SURILOHV#IRU#5333#DQG#5343
+IRU#DVVHVVPHQW#RI#WKH#HIIHFWV#RI#WKH#&$$$,#LQFOXGH
WKH#XVH#RI#5(06$'#UHVXOWV#IRU#WKH#ZHVWHUQ#8161#DQG
5$'02530# UHVXOWV# IRU# WKH# HDVWHUQ#8161# #$V# IRU
R]RQH/#WKLV#ZDV#DFFRPSOLVKHG#XVLQJ#DQ#DSSURDFK#WKDW
FRPELQHV# REVHUYHG# GDWD# DQG# DLU# TXDOLW\# PRGHOLQJ
UHVXOWV# WR# HVWLPDWH# WKH# IXWXUH0\HDU# FRQFHQWUDWLRQV1
:KLOH#WKH#RYHUDOO#DSSURDFK#LV#VLPLODU#WR#WKDW#IRU#R]RQH
+DV# GHVFULEHG# LQ# 6HFWLRQ# ,,,,/# WKHUH# DUH# VRPH
GLIIHUHQFHV1# # 7KH# IXWXUH0\HDU# DLU# TXDOLW\# SURILOH

Overview of the Methodology

7KH# PHWKRGRORJ\# IRU# FDOFXODWLRQ# RI# WKH
DGMXVWPHQW# IDFWRUV# GLIIHUHG# VOLJKWO\# IRU# WKH
5$'02530# DQG# 5(06$'# DSSOLFDWLRQV1# # )RU
5$'02530# WKH# PRGHOLQJ# UHVXOWV# ZHUH# XVHG# WR
FDOFXODWH# DGMXVWPHQW# IDFWRUV# IRU# VHYHUDO# 30
FRPSRQHQW#VSHFLHV>#IRU#5(06$'#DGMXVWPHQW#IDFWRUV
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IRU#30 #DQG#30 #ZHUH#FRPSXWHG#GLUHFWO\#IURP#WKH EURDG#JHRJUDSKLF#UHJLRQ#+(DVW/#&HQWUDO/#:HVW,/#WLPH#RI43 518
PRGHO# RXWSXW1# # 7KH# DGMXVWPHQW# IDFWRUV# IRU# HDFK \HDU# +TXDUWHU# IRU# 30 # DQG# VHDVRQ# IRU# 30 ,/# DQG
PRQLWRULQJ# VLWH# ZHUH# FDOFXODWHG# +XVLQJ# WKH ZKHWKHU#WKH#PRQLWRU#LV#ORFDWHG#LQ#DQ#XUEDQ#RU#UXUDO
DSSURSULDWHO\#PDWFKHG# YDOXHV,# IRU# VHYHUDO# GLIIHUHQW VHWWLQJ1
FRQFHQWUDWLRQ#OHYHOV#+L1H1/#WKH#FKDQJHV#LQ#FRQFHQWUDWLRQ
DUH#GHSHQGHQW#XSRQ#FRQFHQWUDWLRQ#OHYHO,1##7KH#VSHFLHV
FRQFHQWUDWLRQV# IRU# HDFK#PRQLWRULQJ# VLWH# +HVWLPDWHG
XVLQJ#WKH#REVHUYDWLRQV,#ZHUH#WKHQ#PRGLILHG#XVLQJ#WKH
VLWH0VSHFLILF#+RU#JULG0FHOO0VSHFLILF,#DGMXVWPHQW#IDFWRUV1
)RU# 5$'02530/# 30# FRQFHQWUDWLRQV# ZHUH# WKHQ
UHFDOFXODWHG#XVLQJ#WKH#UHVXOWLQJ#FRPSRQHQW#YDOXHV1

)RU#ERWK#PRGHOV/#WKH#UDWLRV#ZHUH#FDOFXODWHG#RQ#D WKH# HTXDWLRQV#EHORZ# LV#GLVFXVVHG# LQ# VRPH#GHWDLO#E\
VHDVRQDO#EDVLV#DQG#ZHUH#XVHG#DFFRUGLQJO\#WR#DGMXVW#WKH /DQJVWDII#DQG#:RRIRON#+4<<8,1
REVHUYHG# YDOXHV1# # )ROORZLQJ# DGMXVWPHQW# RI# WKH
REVHUYHG# GDWD/# VWDWLVWLFDO# TXDQWLWLHV/# RU# ´SURILOHVµ/
GHVFULELQJ#WKH#30#GLVWULEXWLRQ#IRU#HDFK#PRQLWRULQJ
VLWH#ZHUH#WKHQ#FDOFXODWHG1

Description of the Observation
Dataset

2QH#RI#WKH#ILUVW#WDVNV#LQ#FDOFXODWLQJ#WKH#IXWXUH0\HDU
30#SURILOHV#ZDV#WKH#FUHDWLRQ#RI#D#GDWDVHW#FRQWDLQLQJ
WKH#REVHUYHG#FRQFHQWUDWLRQV#IRU#DOO#PRQLWRULQJ#VLWHV
ORFDWHG#ZLWKLQ#WKH#PRGHOLQJ#GRPDLQ#IRU#WKH#\HDU#4<<31

7KH#VWDUWLQJ#SRLQW#IRU#WKLV#DQDO\VLV#LV#D#GDWDEDVH
UHWULHYHG# IURP# WKH# (3$# $HURPHWULF# ,QIRUPDWLRQ
6\VWHP#+$,56,#RI#PHDVXUHG#DPELHQW#FRQFHQWUDWLRQV#RI
763/#30 /#DQG#30 #IRU#WKH#\HDU#4<<31##'XH#WR#WKH43 518
OLPLWHG#QXPEHU#RI#PHDVXUHPHQWV#+XVXDOO\#WDNHQ#RQFH
HYHU\#VL[#GD\V,/#GDWD#IRU#4<;<#DQG#4<<4#ZHUH#DOVR#XVHG
WR#VXSSOHPHQW#WKH#4<<3#GDWDEDVH1##&URVV0HVWLPDWLRQ
ZDV# SHUIRUPHG# ZKHQ# RQH# RI# PHDVXUHPHQWV# ZDV
PLVVLQJ# +L1H1/# 30 # RU# 30 ,1#7KH# 30# FRPSRQHQW43 518
VSHFLHV#+WKDW#PDNH#XS#VHFRQGDU\#30,#ZHUH#HVWLPDWHG
EDVHG#RQ#D#PHWKRGRORJ\#GHYHORSHG#E\#/DQJVWDII#DQG
:RROIRON# +4<<8,# IRU# WKH# 6HFWLRQ# ;45# UHWURVSHFWLYH
PRGHOLQJ#DQDO\VLV1##6L]H#IUDFWLRQDWLRQ#+30 #IUDFWLRQ#RI43
763#DQG#30 #IUDFWLRQ#RI#30 ,#DQG#DSSRUWLRQPHQW518 43
RI# VHFRQGDU\# 30# VSHFLHV# UHOLHG# RQ# D# UHYLHZ# RI
SUHYLRXV#VWXGLHV#WR#SURYLGH#JHQHUDO#UHODWLRQVKLSV#XVHG
WR#HVWLPDWH#WKHVH#FRPSRQHQWV#RI#SDUWLFXODWH#PDWWHU1
7KH#UHODWLRQVKLSV#XVHG#IRU#WKLV#VWXG\#GHSHQG#RQO\#RQ

43 518

7KH# JHRJUDSKLFDO# UHJLRQV#XVHG# WKURXJKRXW# WKLV
DQDO\VLV#DUH#SUHVHQWHG#LQ#7DEOH#&0451##,Q#DGGLWLRQ#WR
VHFRQGDU\#FRPSRVLWLRQ#IUDFWLRQV/#UDWLRV#UHODWLQJ#30518
WR# 30 # ZHUH# HPSOR\HG1# # 7KH# OLWHUDWXUH# UHYLHZ43
FRQGXFWHG# IRU# HVWDEOLVKLQJ# VHFRQGDU\# SDUWLFXODWH
PDWWHU# FRQFHQWUDWLRQV# IRU# WKH# 4<<3# GDWD# DQG# WKH
VRXUFHV#RI#UDWLRV#DQG#DSSRUWLRQPHQW#IDFWRUV#XVHG#LQ

,W# VKRXOG# EH# QRWHG# WKDW# WKHUH# LV# FRQVLGHUDEOH
YDULDELOLW\# LQ# WKH# VL]H# DQG# VSHFLHV# FRPSRVLWLRQ# RI
SDUWLFXODWH# PDWWHU/# QRW# RQO\# EHWZHHQ# GLIIHUHQW
ORFDWLRQV/# EXW# DOVR# IURP# GD\# WR# GD\# LQ# WKH# VDPH
ORFDWLRQ1# #7KH#DYHUDJH#VL]H# IUDFWLRQV#DQG#VSHFLDWLRQ
IDFWRUV#XVHG#IRU#WKLV#VWXG\#UHSUHVHQW#D#UDWKHU#VZHHSLQJ
VLPSOLILFDWLRQ#RI#WKH#DFWXDO#SK\VLFDO#SKHQRPHQD#WKDW
DUH#EHLQJ#PRGHOHG1##+RZHYHU/#WKLV#PD\#EH#MXVWLILHG#LQ
WKH#FRQWH[W#RI#WKLV#VWXG\/#GXH#WR#GDWD#OLPLWDWLRQV#DQG
WKH#IDFW#WKDW#WKH#UHVXOWV#DUH#DJJUHJDWHG#WR#WKH#DQQXDO
OHYHO1

$V#PHQWLRQHG#HDUOLHU/#FURVV0HVWLPDWLRQ#RI#763/
30 /# DQG# 30 # ZDV# XVHG# WR# HVWLPDWH# YDOXHV# QRW43 518
SUHVHQW#LQ#WKH#RULJLQDO#$,56#GDWDEDVH1##7KH#UHVXOWV#RI
D# OLQHDU# UHJUHVVLRQ# RI#763# YHUVXV# 30 # E\# UHJLRQ/43
TXDUWHU/#DQG#ODQG0XVH#ZHUH#XVHG#WR#ILOO#LQ#HLWKHU#3043
RU# 763/# LI# WKH# RWKHU#ZDV#PLVVLQJ1# #$IWHU# WKLV/# WKH
UHVXOWV#RI#D#OLQHDU#UHJUHVVLRQ#RI#30 #YHUVXV#30 #E\518 43
UHJLRQ/#VHDVRQ/#DQG#ODQG#XVH#ZHUH#WKHQ#XVHG#WR#ILOO#LQ
30 #YDOXHV#ZKHUH#PLVVLQJ1##:LWK#ERWK#HVWLPDWHG#DQG518
REVHUYHG# 763/# 30 /# DQG# 30 /# WKH# FRDUVH# 3043 518
FRQFHQWUDWLRQ# ZDV# FDOFXODWHG# DV# ZHOO# DV# WKH# 30
FRQFHQWUDWLRQ#JUHDWHU#WKDQ#43#PLFURQV1

30  #763#0#30 +4,!43 43#

30  #30 #0#30 +5,& 43 518#
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Table C-12
Geographical Regions of the U.S.

Central East West

Oklahoma
Missouri Kentucky Utah
Kansas Ohio Colorado

Nebraska Michigan New Mexico
Iowa Virginia Arizona

South Dakota West Virginia Texas
North Dakota Pennsylvania California

Minnesota New York Oregon
Wisconsin Maryland Washington

Illinois New Jersey Idaho

Indiana

Connecticut Wyoming
Rhode Island Montana

Massachusetts
Vermont

New Hampshire
Maine

Delaware
Washington, DC

Florida
Georgia
Alabama

Mississippi
Louisiana
Arkansas

Tennessee
North Carolina
South Carolina

Nevada

30 #DQG#FRDUVH#30#ZHUH#SDUWLWLRQHG#LQWR 2  RUJDQLF#FRQFHQWUDWLRQ518
VHFRQGDU\#SDUWLFXODWH#FRQFHQWUDWLRQV1##$V#VKRZQ
EHORZ/#HDFK#HTXDWLRQ#LOOXVWUDWHV#KRZ#WKH#VHFRQGDU\
SDUWLFXODWH#FRQFHQWUDWLRQV#DUH#FDOFXODWHG#IURP#FRDUVH
DQG#ILQH#301

6  #>30 #-#U @#.#>30 #-#U @ +6,518 V#518 & V#&

1  #>30 #-#U @#.#>30 #-#U @ +7,518 Q#518 & Q#&

2  #>30 #-#U @#.#>30 #-#U @ +8,518 R#518 & R#&

3  #>30 #-#U @#.#>30 #-#U @ +9,518 S#518 & S#&

ZKHUH
6  VXOIDWH#FRQFHQWUDWLRQ
1  QLWUDWH#FRQFHQWUDWLRQ

3  RWKHU#SDUWLFXODWH#FRQFHQWUDWLRQ
30  30#OHVV#WKDQ#RU#HTXDO#WR#518#PLFURQV#LQ518

VL]H
30  30#EHWZHHQ#518#DQG#43#PLFURQV#LQ#VL]H&

+FRDUVH#30,
U  UDWLR#RI#? 518#PLFURQ#VXOIDWH#+[ V,/[#518

QLWUDWH#+[ Q,/#RUJDQLF#+[ R,/#DQG#RWKHU
SDUWLFXODWH#+[ 3,#WR#30518

U  UDWLR#RI#518043#PLFURQ#VXOIDWH#+[ V,/[#&
QLWUDWH#+[ Q,/#RUJDQLF#+[ R,/#DQG#RWKHU
SDUWLFXODWH#+[ 3,#WR#FRDUVH#30

1RWH#WKDW#U #ZDV#EDVHG#RQ#D#UHYLHZ#RI#DYDLODEOH[[
GDWD2OLWHUDWXUH# DQG# GHSHQGV# RQ# JHRJUDSKLF# UHJLRQ/



Adjustment
Factori,species,season

xth Percentile
Concentrationfuture year,species,season

=
xth Percentile
Concentrationbaseyear,species,season
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WLPH# RI# \HDU/# DQG# ODQG0XVH# FKDUDFWHULVWLFV# RI# WKH )RU# SDUWLFXODWH# GDWD/# D# PRQLWRU# UHFRUG# ZDV
PRQLWRULQJ#VLWH#ORFDWLRQ1 FRQVLGHUHG#WR#EH#FRPSOHWH#LI#GDWD#ZHUH#DYDLODEOH#IRU#83

7KH#REVHUYHG#DQG#HVWLPDWHG#VSHFLHV#FRQFHQWUD0
WLRQV#ZHUH#WKHQ# LQSXW# LQWR#D#VLQJOH#$036830IRUPDW
GDWDILOH1##)URP#WKH#LQIRUPDWLRQ#FRQWDLQHG#LQ#WKLV#ILOH/
WZR#6$6#GDWDVHWV#ZHUH#FUHDWHG=#D#FRQFHQWUDWLRQ#GDWDVHW
DQG#D#PRQLWRU#LQIRUPDWLRQ#GDWDVHW1##7KH#FRQFHQWUDWLRQ
GDWDVHW# FRQWDLQV# WKH# GDLO\# FRQFHQWUDWLRQV# IRU# HDFK
PRQLWRU/#ZLWK#HDFK#UHFRUG#LQ#WKH#GDWDVHW#UHSUHVHQWLQJ
D# VLQJOH# PRQLWRU0GD\1# # 7KH# PRQLWRU# LQIRUPDWLRQ
GDWDVHW#FRQWDLQV#PRQLWRU0VSHFLILF#LQIRUPDWLRQ#VXFK#DV
ODQG0XVH#DQG#ORFDWLRQ1#

%HFDXVH#30#PRQLWRUV#DUH#W\SLFDOO\#RSHUDWHG#RQ#D
RQH0LQ0VL[# GD\# PRQLWRULQJ# VFKHGXOH/# FDOFXODWLQJ
SHUFHQWLOHV#IRU#WKH#30#SURILOHV#XVLQJ#GDWD#IRU#D#VLQJOH
\HDU#FDQ#EH#YHU\#VHQVLWLYH#WR#WKH#PHWKRG#XVHG#LQ#WKH
SHUFHQWLOH#FDOFXODWLRQ1##7KLV#LV#HVSHFLDOO\#WUXH#ZKHQ#D
PRQLWRU#UHFRUG#RQO\#QHHGV#WR#EH#83#SHUFHQW#FRPSOHWH
+L1H1/# FRQWDLQ# DW# OHDVW# 63# YDOXHV,# IRU# D#SURILOH# WR#EH
JHQHUDWHG1##7R#PLQLPL]H#GHSHQGHQFH#RQ#WKH#IRUP#RI
WKH# SHUFHQWLOH# HTXDWLRQ/# WKH# 4<<3# 30# GDWD# ZHUH
VXSSOHPHQWHG#ZLWK#WKDW#IURP#WKH#\HDUV#4<;<#DQG#4<<41
,Q#XVLQJ#PXOWLSOH#\HDUV#ZRUWK#RI#PRQLWRULQJ#GDWD/#LW
ZDV#GLVFRYHUHG#WKDW#WKH#LGHQWLILHU#+,',#FRUUHVSRQGLQJ
WR#D#PRQLWRU#LQ#D#JLYHQ#SK\VLFDO#ORFDWLRQ#FRXOG#FKDQJH
IURP#RQH#\HDU#WR#WKH#QH[W1##$OVR/#D#PRQLWRU#FRXOG#KDYH
PRYHG# WR# D# QHDUE\# ORFDWLRQ# DQG# EHHQ# DVVLJQHG# D
GLIIHUHQW#,'1##,W#ZDV#DOVR#SRVVLEOH#WKDW#WKH#PRQLWRU#,'
IRU#D#30 #PRQLWRU#PLJKW#EH#GLIIHUHQW#IURP#WKDW#RI#D43
763# RU# 30 # PRQLWRU# GHVSLWH# WKH# IDFW# WKDW# WKHLU518
SK\VLFDO# VHSDUDWLRQ# LV# ]HUR1# #%HFDXVH#PXFK#RI# # WKH
SURILOH#ZRUN#LV#GHSHQGHQW#XSRQ#WKH#PRQLWRU#,'/#WKLV
OHG# WR# D# YDVW# LQFUHDVH# LQ# WKH# UHSRUWHG# QXPEHU# RI
RSHUDWLQJ#PRQLWRUV1

7R# DFFRPPRGDWH# WKHVH# SRVVLELOLWLHV/# PRQLWRUV
ZLWK#GLIIHUHQW#PRQLWRU#,'·V#ZHUH#FRQVLGHUHG#WKH#VDPH
PRQLWRU#LI#WKHLU#SK\VLFDO#VHSDUDWLRQ#ZDV#OHVV#WKDQ#RU
HTXDO# WR# 4# NP1# # 0RQLWRULQJ# GDWD# IURP# WKH# WZR
PRQLWRUV#ZHUH#FRPELQHG1##,I#GDWD#H[LVWHG#IRU#ERWK#RI
WKH#PRQLWRUV#RQ#WKH#VDPH#GD\/#WKH#GDLO\#GDWD#IURP#WKH
PRQLWRU#ZLWK#WKH#KLJKHU#,'#ZDV#UHPRYHG1

SHUFHQW#RI#WKH#570KRXU#REVHUYDWLRQV#IRU#D#JLYHQ#\HDU
+DVVXPLQJ# D# RQH0LQ0VL[# GD\# PRQLWRULQJ# VFKHGXOH,1
$OWKRXJK#WKUHH#\HDUV#ZRUWK#RI#GDWD#ZHUH#XVHG#IRU#WKH
30#DQDO\VLV/#WKHVH#GDWD#ZHUH#FRQVLGHUHG#WR#UHSUHVHQW
RQH# \HDU# ZLWK# UHVSHFW# WR# WKH# FRPSOHWHQHVV
UHTXLUHPHQW1# #7KHUH#ZHUH# 537;#30#PRQLWRUV#ZLWK
FRPSOHWH#GDWD1#

Calculation of Percentile-Based
Adjustment Factors

)RU#HDFK#IXWXUH0\HDU#PRGHOLQJ#VFHQDULR/#JULG0FHOO0
VSHFLHV0VHDVRQ0VSHFLILF# DGMXVWPHQW# IDFWRUV# ZHUH
FDOFXODWHG# XVLQJ# WKH# VSHFLDWHG/# GDLO\0VLPXODWHG
FRQFHQWUDWLRQV# IURP#5$'02530# DQG#5(06$'1
%HFDXVH#WKH#VSHFLHV#DQG#VHDVRQV#GLIIHUHG#EHWZHHQ#WKH
WZR# PRGHOV/# WKH# H[DFW# FDOFXODWLRQ# RI# DGMXVWPHQW
IDFWRUV# DOVR# GLIIHUHG1# # 1HYHUWKHOHVV/# WKH# RYHUDOO
DSSURDFK#ZDV#WKH#VDPH1##,QGLYLGXDO#PRQLWRULQJ#VLWHV
ZHUH#PDSSHG#RQWR#WKH#JULGGHG#RXWSXW#+WR#GHWHUPLQH
WKH#JULG#FHOO#LQ#ZKLFK#HDFK#PRQLWRU#ZDV#ORFDWHG,#DQG
WKH# FRQFHQWUDWLRQV# IRU# WKH#FRUUHVSRQGLQJ#JULG#FHOOV
ZHUH#XVHG#WR#FDOFXODWH#D#VHW#RI#DGMXVWPHQW#IDFWRUV#IRU
HDFK# VSHFLHV/# VHDVRQ/# DQG# IXWXUH0\HDU# PRGHOLQJ
VFHQDULR1##7KH#DGMXVWPHQW#IDFWRUV#ZHUH#VSHFLILHG#WR#EH
WKH# UDWLR# RI# WKH# SHUFHQWLOH# FRQFHQWUDWLRQV# IRU# WKH
IXWXUH0#DQG#EDVH0\HDU#VLPXODWLRQV#RI#D#JLYHQ#VSHFLHV0
VHDVRQ/# ZKHUH# WKH# SHUFHQWLOH# FRQFHQWUDWLRQV# ZHUH
FDOFXODWHG# XVLQJ# GDWD# IRU# WKH# VHOHFWHG# VSHFLHV# DQG
VHDVRQ#FRQFHQWUDWLRQV=

{ x  }= {10, 30, 50, 70, 90}i

)RU#FDOFXODWLRQ#RI#WKH#SHUFHQWLOH#FRQFHQWUDWLRQV/
WKH#HPSLULFDO#GLVWULEXWLRQ#IXQFWLRQ#ZLWK#DYHUDJLQJ#ZDV
HPSOR\HG1##%HFDXVH#WKH#FRQFHQWUDWLRQV#IRU#WKH#ORZHU
SHUFHQWLOHV#FDQ#EH#UDWKHU#VPDOO/#D#WKUHVKROG#YDOXH#RI
3134#PLFURJUDP2P #ZDV#VHW#WR#NHHS#WKH#DGMXVWPHQW6

IDFWRUV#UHDVRQDEOH1##,Q#RWKHU#ZRUGV/#DOO#FRQFHQWUDWLRQV
EHORZ# 3134# PLFURJUDP2P # ZHUH# UHVHW# WR# 31346
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PLFURJUDP2P 1##,I#HLWKHU#WKH#EDVH#\HDU#RU#WKH#IXWXUH )RU#5$'0/# WKH#DGMXVWPHQW# IDFWRU#ZDV#DSSOLHG6

HDU#SHUFHQWLOH#FRQFHQWUDWLRQ#ZDV#VHW#WR#WKH#PLQLPXP XVLQJ#WKH#IROORZLQJ#HTXDWLRQV=
YDOXH/# WKH# DGMXVWPHQW# IDFWRU#ZDV# VHW# HTXDO# WR# RQH1
7KLV#SHUFHQWLOH0EDVHG#DSSURDFK#ZDV#VHOHFWHG#GXH# WR
WKH# OLPLWDWLRQV# RI# XVLQJ# D# VLQJOH# DGMXVWPHQW# WR
UHSUHVHQW# WKH# FKDQJH# LQ# WKH# PRGHOHG# 30# VSHFLHV
FRQFHQWUDWLRQV# LQ# PRYLQJ# IURP# WKH# EDVH0# WR# WKH
IXWXUH0\HDU#VFHQDULRV1

)RU#5$'0/#DGMXVWPHQW#IDFWRUV#ZHUH#FDOFXODWHG
IRU# # WKH# VXP# RI# VXOIDWH/# QLWUDWH/# DQG# DPPRQLXP1
7KHVH#ZHUH#FDOFXODWHG#IRU#WKH#HQWLUH#\HDU#+L1H1/#RQO\#RQH
´VHDVRQµ,1# # )RU#5(06$'/# WKH# DGMXVWPHQW# IDFWRUV
ZHUH# FDOFXODWHG# IRU# 30 # DQG# 30 1# # 7KHVH# ZHUH43 518
FDOFXODWHG#RQ#D#VHDVRQDO#EDVLV1

$# 6$6# GDWDVHW# FRQWDLQLQJ# WKH# PRQLWRU0OHYHO
DGMXVWPHQW# IDFWRUV#ZDV#FUHDWHG# IRU#HDFK# IXWXUH0\HDU
PRGHOLQJ# VFHQDULR#FRQVLGHUHG# LQ# WKLV# VWXG\# IRU# WKLV
\HDU1

Use of Adjustment Factors to
Modify Observed Concentrations

8VLQJ#WKH#FDOFXODWHG#DGMXVWPHQW#IDFWRUV#IRU#HDFK
IXWXUH0\HDU# VFHQDULR# DQG# WKH# PRQLWRU0OHYHO
REVHUYDWLRQV/#D#GDWDVHW#FRQWDLQLQJ#PRGLILHG#30 #DQG43
30 FRQFHQWUDWLRQV#IRU#HDFK#RI#WKH#IRXU#IXWXUH0\HDU518#
VFHQDULRV#ZDV#FUHDWHG1##%HFDXVH#HDFK#PRQLWRU#KDV#ILYH
DGMXVWPHQW#IDFWRUV#SHU#VFHQDULR/#VSHFLHV/#DQG#VHDVRQ/
LW# ZDV# ILUVW# QHFHVVDU\# WR# UDQN# RUGHU# WKH# REVHUYHG
FRQFHQWUDWLRQV# LQWR#ILYH#TXLQWLOH0EDVHG#JURXSV#+ZLWK
WLHV#EHLQJ#DVVLJQHG#WR#WKH#KLJKHU#JURXS,#ZLWK#UHVSHFW
WR# WKH# VSHFLHV# DQG# VHDVRQ# GHILQLWLRQV# PHQWLRQHG
SUHYLRXVO\1# # 7KXV# IRU# 5$'0/# WKH# TXLQWLOHV# ZHUH
FDOFXODWHG#IRU#WKH#GDLO\#VXP#RI#WKH#REVHUYHG#VXOIDWH/
QLWUDWH/#DQG#DPPRQLXP#FRQFHQWUDWLRQV#RYHU#WKH#HQWLUH
\HDU#+LJQRULQJ#WKDW#WKH#GDWD#DUH#DFWXDOO\#IRU#WKH#\HDUV
4<;</#4<<3/#DQG#4<<4,1##)RU#5(06$'#WKH#TXLQWLOHV
ZHUH#FDOFXODWHG#IRU#WKH#REVHUYHG#GDLO\#30 #DQG#3043 518
RYHU# HDFK# RI# WKH# IRXU# VHDVRQV1# #2QFH# HDFK# RI# WKH
REVHUYHG# FRQFHQWUDWLRQV# ZDV# LGHQWLILHG# ZLWK# D
SDUWLFXODU#TXLQWLOH#JURXS/#WKH#DSSURSULDWH#DGMXVWPHQW
IDFWRU#ZDV#VHOHFWHG#DQG#DSSOLHG#WR#FDOFXODWH#WKH#IXWXUH0
\HDU0VFHQDULR#30 #DQG#30 1##43 518

$GM1LWUDWH6XOIDWH  #2EV1LWUDWH6XOIDWH ##L L

#########################################-#$GM1)DFWRUN>2EV1LWUDWH6XOIDWHL@/1LWUDWH6XOIDWH
$GM2UJDQLFV  #2EV2UJDQLFV #-#4L L

$GM3  #2EV3 #-#4L L

###
)RU# H[DPSOH# LQ# WKH# ILUVW# HTXDWLRQ/

^2EV1LWUDWH6XOIDWH`#LV#WKH#VHW#RI#REVHUYHG#GDLO\#VXPV#RIL
WKH# QLWUDWH# DQG# VXOIDWH# FRQFHQWUDWLRQV# +LQ
PLFURJUDPV2P ,# IRU# D# JLYHQ# PRQLWRU1# # 7KH6

N>2EV1LWUDWH6XOIDWH @# VXEVFULSW# LV# WKH# QXPEHU# RI# WKHL
TXLQWLOH# JURXS# WR# ZKLFK# 2EV1LWUDWH6XOIDWH # EHORQJV1L
$GM1)DFWRU #LV#WKHQ#WKH#DSSURSULDWHN>2EV1LWUDWH6XOIDWHL@/1LWUDWH6XOIDWH
DGMXVWPHQW#IDFWRU#IRU#2EV1LWUDWH6XOIDWH 1##7KH##UHVXOWLQJL
VHW# RI# DGMXVWHG# GDLO\# VXPV# RI# QLWUDWH# DQG# VXOIDWH
FRQFHQWUDWLRQV/# ^$GM1LWUDWH6XOIDWH `/# UHSUHVHQWV# WKHL
IXWXUH#\HDU#HVWLPDWHV#RI#WKH#GDLO\#VXP#RI#QLWUDWH#DQG
VXOIDWH#FRQFHQWUDWLRQV1##,Q#WKLV#FDVH/#3#UHSUHVHQWV#RWKHU
SDUWLFXODWH#FRPSRQHQWV1##)RU#WKRVH#PRQLWRUV#ZLWKLQ
WKH#5$'0#GRPDLQ/#30 #DQG#30 #FRQFHQWUDWLRQV43 518
ZHUH# FDOFXODWHG# E\# VXPPLQJ# HDFK# RI# WKH# DERYH
FRPSRQHQWV1

)RU#PRQLWRUV#ZLWKLQ#WKH#5(06$'#GRPDLQ/#WKH
SURFHGXUH# IRU# FDOFXODWLQJ# WKH# IXWXUH0\HDU#30 # DQG43
30 #LV#PRUH#GLUHFW1##)XWXUH0\HDU#FRQFHQWUDWLRQV#RI518
WKHVH# WZR# 30# VSHFLHV# DUH# FDOFXODWHG# XVLQJ# WKH
REVHUYHG2HVWLPDWHG#30 #DQG#30 #FRQFHQWUDWLRQV43 518
DQG#WKH#DSSURSULDWH#DGMXVWPHQW#IDFWRUV=

#$GM3043 ## #2EV3043 ##-#$GM1)DFWRUL L N>2EV3043L@/3043/VHDVRQ#

#$GM30518 # #2EV30518 #-#$GM1)DFWRUL L N>2EV30518L@/30518/VHDVRQ

,Q# WKH# ILUVW#HTXDWLRQ/#^2EV3043`# LV# WKH# VHW#RIL
REVHUYHG# GDLO\# 30 # FRQFHQWUDWLRQV# +LQ43
PLFURJUDPV2P ,# IRU# D# JLYHQ# PRQLWRU1# # 7KH6

N>2EV3043 @#VXEVFULSW#LV#WKH#QXPEHU#RI#WKH#TXLQWLOHL
JURXS#+EDVHG#RQ#VHDVRQ,#WR#ZKLFK#2EV3043 #EHORQJV1L
$GM1)DFWRU # LV# WKHQ# WKH# DSSURSULDWHN>2EV3043L@/3043/VHDVRQ
DGMXVWPHQW#IDFWRU#IRU#2EV3043 1##7KH#UHVXOWLQJ#VHW#RIL
30 # DQG# 30 # FRQFHQWUDWLRQV/# ^2EV3043`# DQG43 518 L
^2EV30518`/# WKHUHIRUH# UHSUHVHQWV# WKH# IXWXUH0\HDUL
HVWLPDWHV#RI#WKHVH#30#VSHFLHV1
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Calculation of PM Profiles

30 DQG#30 DLU#TXDOLW\#SURILOH#GDWDEDVHV#ZHUH43# 518#
FRPSLOHG#IRU#DOO#VLPXODWLRQV#SHUIRUPHG#DV#SDUW#RI#WKH
6HFWLRQ# ;45# SURVSHFWLYH# DQDO\VLV1# #)RU# HDFK# RI# WKH
SDUWLFXODWH# VSHFLHV/# WKHVH# GDWD# EDVHV# FRQWDLQHG# WKH
QXPEHU/#WKH#DULWKPHWLF#PHDQ/#WKH#PHGLDQ/#WKH#DQQXDO
VHFRQG# KLJKHVW/# DQG# WKH# 518# WR# <:18# SHUFHQWLOHV# +LQ
LQFUHPHQWV# RI# ILYH,# RI# WKH# GDLO\# +DV# DYDLODEOH,
FRQFHQWUDWLRQV1# # 7KH# SURILOHV# DUH# UHSRUWHG# DW# WKH
PRQLWRU#OHYHO#DQG#LQFOXGH#537;#VLWH#ORFDWLRQV1

7KH#KLVWRJUDPV#LQ#)LJXUHV#&054D#WKURXJK#&057E
LOOXVWUDWH# WKH# GLVWULEXWLRQ# RI# UDWLRV# IRU# WKH# DQQXDO
DYHUDJH#PRQLWRU0OHYHO#30 #DQG#30 #FRQFHQWUDWLRQV43 518
FRUUHVSRQGLQJ#WR#WKH#5333#DQG#5343#VLPXODWLRQV1##,Q
WKHVH#ILJXUHV/#UDWLRV#JUHDWHU#WKDQ#RQH#LQGLFDWH#WKDW#WKH
IXWXUH0\HDU2VFHQDULR#FRQFHQWUDWLRQ#LV#JUHDWHU#WKDQ#WKH
EDVH0\HDU# +4<<3,#YDOXH/#ZKHUHDV#UDWLRV# OHVV#WKDQ#RQH
LQGLFDWH#D#ORZHU#YDOXH#IRU#WKH#IXWXUH0\HDU1

7KH#5333#3UH0&$$$#UDWLRV#IRU#30 #+)LJXUH#&043
54D,# LQGLFDWH# WKDW# WKH# DQQXDO# DYHUDJH# 3043
FRQFHQWUDWLRQV# FRUUHVSRQGLQJ# WR# WKLV# VFHQDULR# DUH
KLJKHU#LQ#VRPH#DUHDV#DQG#ORZHU#LQ#RWKHU#DUHDV#WKDQ#WKH
EDVH0\HDU# +4<<3,#YDOXHV1# #7KH# UDWLRV#JHQHUDOO\# UDQJH
IURP#DSSUR[LPDWHO\#31<8#WR#414/#EXW#DOVR#LQFOXGH#VRPH
KLJKHU#YDOXHV1##,Q#FRQWUDVW/#WKH#UDWLRV#FRUUHVSRQGLQJ#WR
WKH#5333#3RVW0&$$$#VLPXODWLRQ#+)LJXUH#&054E,#DUH
JHQHUDOO\# OHVV# WKDQ#RU#HTXDO# WR#RQH/#ZLWK#PRVW#VLWHV
EHLQJ#DVVLJQHG#D#UDWLR#FRQVLVWHQW#ZLWK#D#VPDOO#GHFUHDVH
LQ#DQQXDO#DYHUDJH#30 #FRQFHQWUDWLRQ1##7KHUH#DUH#DOVR43
VRPH#ORZHU#YDOXHV1

)LJXUH#&055D#DQG#&055E#GLVSOD\#WKH#GLVWULEXWLRQ#RI
UDWLRV#RI#WKH#IXWXUH0\HDU0VFHQDULR#WR#EDVH0\HDU#DQQXDO
DYHUDJH#30 #FRQFHQWUDWLRQV#IRU#53431##&RPSDUHG#WR43
WKH#KLVWRJUDP#SORWV#IRU#5333/#WKH#UDWLRV#DUH#KLJKHU#IRU
WKH# 3UH0&$$$# VFHQDULR# EXW# VLPLODU# IRU# WKH# 3RVW0
&$$$# VFHQDULR1# #7KHUH# LV#VRPH# LQGLFDWLRQ# WKDW/#E\
5343/# LQFUHDVHV# GXH# WR# JURZWK# DUH# OLPLWLQJ# WKH
HIIHFWLYHQHVV#RI#WKH#&$$$#PHDVXUHV1

7KH#5333#3UH0&$$$#UDWLRV#IRU#30 #+)LJXUH#&0518
56D,# LQGLFDWH# WKDW# WKH# DQQXDO# DYHUDJH# 30518
FRQFHQWUDWLRQV# FRUUHVSRQGLQJ# WR# WKLV# VFHQDULR# DUH

JHQHUDOO\# KLJKHU# WKDQ# +RU# HTXDO# WR# ,# WKH# EDVH0\HDU
+4<<3,# YDOXHV1# # 7KH# UDWLRV# JHQHUDOO\# UDQJH# IURP
DSSUR[LPDWHO\#31<:8#WR#41481##,Q#FRQWUDVW/#WKH#UDWLRV
FRUUHVSRQGLQJ# WR# WKH# 5333# 3RVW0&$$$# VLPXODWLRQ
+)LJXUH#&056E,#DUH#JHQHUDOO\# OHVV# WKDQ#RQH1# # ,Q# WKLV
FDVH/# WKH# UDWLRV# UDQJH# IURP# DSSUR[LPDWHO\# 31<58# WR
413:81##

)RU#5343/#WKH#30 #UDWLRV#+)LJXUHV#&057D#DQG#&0518#
57E,/# LQGLFDWH# LQFUHDVHV# IRU# WKH#3UH0&$$$#VFHQDULR
DQG#PRVWO\#GHFUHDVHV# IRU# WKH#3RVW0&$$$# VFHQDULR1
$JDLQ/#FRPSDUHG#WR#5333/#FRQFHQWUDWLRQV#IRU#5343#DUH
KLJKHU#UHODWLYH#WR#WKH#EDVH#\HDU#XQGHU#WKH#3UH0&$$$
VFHQDULR#DQG#VLPLODU#WR#RU#VOLJKWO\#ORZHU#UHODWLYH#WR#WKH
EDVH#\HDU#XQGHU#WKH#3RVW0&$$$#VFHQDULR1

)RU#ERWK#IXWXUH#\HDUV#+5333#DQG#5343,/#WKH#UDWLRV
LQGLFDWH#WKDW#WKH#3RVW0&$$$#FRQFHQWUDWLRQV#+DQQXDO
DYHUDJH,#DUH#ORZHU#WKDQ#WKH#FRUUHVSRQGLQJ#3UH0&$$$
YDOXHV1##7KLV#LV#LOOXVWUDWHG#LQ#)LJXUHV#&058D#WKURXJK##&0
59E1# # 7KH# VPDOOHU# UDWLRV# IRU# 5343# UHIOHFW# ODUJHU
GLIIHUHQFHV# EHWZHHQ# WKH# 3UH0# DQG# 3RVW0&$$$
VFHQDULRV1
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Figure C-14
80-km RADM Domain

Note:  Nested 20-km grid estimates were not used to generate final results, but were used in evaluating
the reasonableness of results.



Figure C-15.  Comparison of simulated and
observed seasonal PM10 concentration (ug/m3) for
REMSAD for the western U.S.: spring 1990

Figure C-16.  Comparison of simulated and
observed seasonal PM10 concentration (ug/m3) for
REMSAD for the western U.S.: summer 1990

Figure C-17.  Comparison of simulated and
observed seasonal PM10 concentration (ug/m3) for
REMSAD for the western U.S.: fall 1990

Figure C-18.  Comparison of simulated and
observed seasonal PM10 concentration (ug/m3) for
REMSAD for the western U.S.: winter 1990
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Figure C-19.  Difference in seasonal average PM10 concentration (ug/m3)
for the summer REMSAD simulation period (1-10 July 1990) for 2010:
post-CAAA90 minus pre-CAAA90
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Figure C-20.  Difference in seasonal average PM25 concentration
(ug/m3) for the summer REMSAD simulation period (1-10 July 1990) for
2010: post-CAAA90 minus pre-CAAA90
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Figure C-21b. Distribution of Combined RADM/RPM- and 
REMSAD-Derived Monitor-Level Ratios for Annual Average 

PM10 Concentration: 2000 Post-CAAA / 1990 Base-Year
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Figure C-21a. Distribution of Combined RADM/RPM- and 
REMSAD-Derived Monitor-Level Ratios for Annual Average 

PM10 Concentration: 2000 Pre-CAAA / 1990 Base-Year 
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Figure C-22a. Distribution of Combined RADM/RPM- and 
REMSAD-Derived Monitor-Level Ratios for Annual Average 

PM10 Concentration: 2010 Pre-C AAA / 1990 B ase-Year
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Figure C-22b. Distribution of Combined RADM/RPM- and 
REMSAD-Derived Monitor-Level Ratios for Annual Average 

PM10 Concentration: 2010 Post-C AAA / 1 990 Base-Year
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Figure C-23a. Distribution of Combined RADM/RPM- and 
REMSAD-Derived Monitor-Level Ratios for Annual Average 

PM2.5 Concentration: 2000 Pre-CAAA / 1990 Base-Year
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Figure C-23b. Distribution of Combined RADM/RPM- and 
REMSAD-Derived Monitor-Level Ratios for Annual Average 

PM2.5 Concentration: 2000 Post-CAAA / 1990 Base-Year
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Figure C-24a. Distribution of Combined RADM/RPM- and 
REMSAD-Derived Monitor-Level Ratios for Annual Average 

PM2.5 Concentration: 2010 Pre-CAAA / 1990 Base-Year

0

10

20

30

40

50

60

0.50 0.55 0.60 0.65 0.70 0.75 0.80 0.85 0.90 0.95 1.00 1.05 1.10 1.15 1.20 1.25 1.30

Ratio

R
el

at
iv

e 
F

re
qu

en
cy

 
(p

er
ce

nt
)

median: 1.070

Figure C-24b. Distribution of Combined RADM/RPM- and 
REMSAD-Derived Monitor-Level Ratios for Annual Average 

PM2.5 Concentration: 2010 Post-CAAA / 1990 Base-Year
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Figure C-25a. Distribution of Combined RADM/RPM- and 
REMSAD-Derived Monitor-Level Ratios for Annual Average 

PM10 Concentration: 2000 Post-CAAA / 2000 Pre-CAAA
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Figure C-25b. Distribution of Combined RADM/RPM- and 
REMSAD-Derived Monitor-Level Ratios for Annual Average 

PM10 Concentration: 2010 Post-CAAA / 2010 Pre-CAAA
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Figure C-26b. Description of Combined RADM/RPM- and REMSAD-
Derived Monitor-Level Ratios for Annual Average PM 2.5 

Concentration: 2010 Post-CAAA / 2010 Pre-CAAA
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Figure C-26a. Distribution of Combined RADM/RPM- and 
REMSAD-Derived Monitor-Level Ratios for Annual Average 

PM2.5 Concentration: 2000 Post-CAAA / 2000 Pre-CAAA
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Estimating the Effects of the
CAAA on Visib ility

/LJKW# WUDYHOLQJ# WKURXJK# WKH# DWPRVSKHUH# LV
%DEVRUEHG%#DQG#%VFDWWHUHG%#E\#JDVHV#DQG#VXVSHQGHG
SDUWLFOHV1# #7KHVH#GLVWRUWLRQ#SURFHVVHV# FRQWULEXWH# WR
WRWDO# DWPRVSKHULF# OLJKW# H[WLQFWLRQ# ZKLFK/# LQ# WXUQ/
FDXVHV# YLVLELOLW\# GHJUDGDWLRQ1# # 7R# FKDUDFWHUL]H# DQG
XOWLPDWHO\#TXDQWLI\#WKH#HIIHFW#RI#FKDQJHV#LQ#HPLVVLRQV
RQ#YLVLELOLW\/#DQ#XQGHUVWDQGLQJ#RI#WKH#FRQFHQWUDWLRQV
DQG#W\SHV#RI#JDVHRXV#SDUWLFXODWH#FRQVWLWXHQWV#LQ#WKH#DLU
LV#QHFHVVDU\1

7KH# LQIOXHQFH# RI# JDVHRXV# DEVRUSWLRQ# RQ# OLJKW
H[WLQFWLRQ#LV#DOPRVW#QHJOLJLEOH1##*DVHRXV#VFDWWHULQJ#KDV
D#ODUJHU#LPSDFW/#DOWKRXJK#WKLV#LPSDFW#LV#JHQHUDOO\#QRW#DV
VLJQLILFDQW# DV# HLWKHU# SDUWLFXODWH# DEVRUSWLRQ# RU
VFDWWHULQJ1##7RJHWKHU#WKH##LQIOXHQFH#RI#DOO#IRXU#RI#WKHVH
OLJKW#GLVWRUWLRQ#SURFHVVHV#LV#H[SUHVVHG#TXDQWLWDWLYHO\#DV
WKH# OLJKW#H[WLQFWLRQ#FRHIILFLHQW/#E 1# #,Q#WKLV#DQDO\VLVH[W
5$'02530# DQG# 5(06$'# DUH# ERWK# XVHG# WR
FDOFXODWH#E 1H[W

RADM/RPM and Visibility

5$'02530#HVWLPDWHV#E # LQ#WKH#HDVWHUQ#8161/H[W
IRU#HDFK#HPLVVLRQV#VFHQDULR#+4<<3#EDVH#\HDU/#5333#3UH0
&$$$/#5333#3RVW0&$$$/#5343#3UH0&$$$/#DQG#5343
3RVW0&$$$,/#E\#FRPELQLQJ#WKH#LQIOXHQFHV#RI#SDUWLFOH
VFDWWHULQJ#DQG#DEVRUSWLRQ#DQG#LQFRUSRUDWLQJ#WKH#HIIHFW
RI# VFDWWHULQJ# FDXVHG# E\# ZDWHU1# # 7KH# ILQH# SDUWLFOHV
HVWLPDWHG#E\#5$'02530#+LQFOXGLQJ#WKHLU#DVVRFLDWHG
ZDWHU,# DUH# VHFRQGDU\# SDUWLFXODWHV=# VXOIDWHV/# QLWUDWHV/
DVVRFLDWHG#DPPRQLXP/#DQG#RUJDQLFV1##$EVRUSWLRQ#E\
FDUERQ# SDUWLFOHV# LV# QRW# LQFOXGHG# LQ# WKH# PRGHO*V
FDOFXODWLRQV/#QRU#LV#H[WLQFWLRQ#UHVXOWLQJ#IURP#SULPDU\
SDUWLFOHV1# #%\# QRW# LQFOXGLQJ# WKHVH# ODWWHU# LQIOXHQFHV/
5$'02530#PD\#XQGHUHVWLPDWH# WKH# HIIHFWV#RI# DLU
SROOXWLRQ#RQ#YLVLELOLW\1

5$'02530/#DORQJ#ZLWK#JHQHUDWLQJ#DWPRVSKHULF
OLJKW#H[WLQFWLRQ#YDOXHV/#FDOFXODWHV#%YLVXDO#UDQJH%#DQG
GHFLYLHZ#+G9,/#ERWK#PHDVXUHV#WKDW#TXDQWLI\#YLVLELOLW\1
7KH# IRUPHU/# 95/# LV# UHODWHG# WR# WKH# OLJKW# H[WLQFWLRQ
FRHIILFLHQW#E\#WKH#IROORZLQJ#HTXDWLRQ=

95+PHWHUV,## ##61<452E #/#H[W

ZKHUH#E #LV#LQ#LQYHUVH#PHWHUV1##7KH#ODWWHU#PHDVXUH#RIH[W
YLVLELOLW\/#G9/#DQG#WKH#UHODWHG#'HFL9LHZ#+D]H#,QGH[
DUH# LPSURYHG# LQGLFDWRUV# RI# WKH# FODULW\# RI# WKH
DWPRVSKHUH1##7KLV#LQGH[#PRUH#DFFXUDWHO\#FDSWXUHV#WKH
UHODWLRQVKLS# EHWZHHQ# DLU# SROOXWLRQ# DQG# KXPDQ*V
SHUFHSWLRQ#RI#YLVLELOLW\#WKDQ#GRHV#95#RU#E #+3LWFKIRUGH[W
DQG# 0DOP/# 4<<7,1# # $# GHFLYLHZ# LV# GHILQHG# E\# WKH
HTXDWLRQ=

G9## #43OQ#+E 243,#/H[W

ZKHUH#E #LV#H[SUHVVHG#LQ#LQYHUVH#PHJDPHWHUV1##H[W

7KH# 'HFL9LHZ# +D]H# ,QGH[# KDV# D# YDOXH# RI
DSSUR[LPDWHO\# ]HUR# ZKHQ# WKH# OLJKW# H[WLQFWLRQ
FRHIILFLHQW# LV# HTXDO# WR# WKH# VFDWWHULQJ# FRHIILFLHQW# IRU
SDUWLFOH0IUHH#DLU1##$#URXJKO\#43#SHUFHQW#LQFUHDVH#LQ##EH[W
WUDQVODWHV# WR# D# RQH# XQLW# FKDQJH# LQ# G91# # 6LQFH# WKH
DSSDUHQW# FKDQJH# LQ#YLVLELOLW\# LV# UHODWHG# WR# D#SHUFHQW
FKDQJH# LQ#E /# HTXDO# FKDQJHV# LQ# G9# FRUUHVSRQG# WRH[W
DSSUR[LPDWHO\#HTXDOO\#SHUFHSWLEOH#FKDQJHV#LQ#YLVLELOLW\1
5HVHDUFK# LQGLFDWHV# WKDW/# IRU#PRVW#REVHUYHUV/#D#´MXVW
QRWLFHDEOH# FKDQJHµ# LQ# YLVLELOLW\# FRUUHVSRQGV# WR# DQ
LQFUHDVH#RU#GHFUHDVH#RI#DERXW#RQH#WR#WZR#G9#XQLWV1
$Q# LQFUHDVH# LQ# WKH# GHFLYLHZ# OHYHO# WUDQVODWHV# WR
GHJUDGDWLRQ#RI#YLVLELOLW\/#ZKLOH#D#GHFUHDVH#UHSUHVHQWV
DQG#LPSURYHPHQW1##

RADM/RPM Modeling Results

)RU# WKLV#DQDO\VLV/#XQGHU#WKH#4<<3#EDVH#\HDU#DQG
IXWXUH# \HDU# HPLVVLRQV# VFHQDULRV/# WKH# DQQXDO# PHDQ
GD\OLJKW#KRXU#E /#95/#DQG#G9#ZHUH#HVWLPDWHG#IRU#HDFKH[W
5$'02530#JULG#FHOO1##$#VXPPDU\#RI#4<<3#DQG#5343
GHFLYLHZ#OHYHOV#IRU#VHOHFWHG#FLWLHV/#PHWURSROLWDQ#DUHDV/
DQG#QDWLRQDO#SDUNV#LV#SURYLGHG#LQ#7DEOH#&0461##7KHVH
GHFLYLHZ#HVWLPDWHV#VKRZ# WKDW#XQGHU# WKH#3UH0&$$$
VFHQDULR#YLVLELOLW\#GHJUDGDWLRQ#LV#H[SHFWHG#WKURXJKRXW
PXFK#RI#WKH#HDVWHUQ#8161##&RPSDULVRQ#RI#4<<3#EDVH
\HDU# DQG# 5343# 3RVW0&$$$# HVWLPDWHV/# KRZHYHU/
LQGLFDWHV# WKDW# ZLWK# WKH# LPSOHPHQWDWLRQ# RI# &$$$
UHODWHG# PHDVXUHV/# D# SHUFHSWLEOH# LPSURYHPHQW# LQ
YLVLELOLW\#FDQ#EH#H[SHFWHG1
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Table C-13
Comparison of Visibility in Selected Eastern Cities, Metropolitan Areas, and
National Parks

Mean Annual Deciview

Area Name State Base Year Pre-CAAA Post-CAAA
1990 2010 2010 

Acadia NP ME 11.1 12.0 10.4

Atlanta Metro Area GA 20.9 22.8 20.0

Boston Metro Area MA 13.2 14.0 11.9

Chicago Metro Area IL 17.5 19.1 17.0

Columbus OH 16.5 17.7 15.1

Detroit Metro Area MI 16.0 18.5 15.3

Everglades NP FL 7.6 9.2 6.9

Great Smoky Mtns. NP TN 20.4 22.3 19.6

Indianapolis IN 20.1 21.1 19.0

Little Rock AR 15.0 17.2 15.1

Milwaukee Metro Area WI 15.6 18.4 15.3

Minn.-St. Paul Metro Area MN 10.1 12.4 10.3

Nashville TN 20.4 21.5 19.0

New York City Metro Area NY/NJ 15.2 18.0 13.9

Pittsburgh Metro Area PA 15.8 16.9 14.2

St. Louis Metro Area MO 16.5 17.8 16.0

Shenandoah NP VA 16.5 17.8 15.2

Syracuse NY 12.4 13.2 11.5

Washington, DC Metro Area DC/VA/MD 17.5 19.2 16.3

*For cities, metro areas, or national parks not contained by a single RADM/RPM grid cell, the visibility measure
presented in this table is a weighted average of the mean annual deciview level from each of the grid cells that
together completely contain the selected area.  Weighting is based upon the spatial distribution of an area over the
various grid cells.
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REMSAD and Visibility

5(06$'# ZDV# XVHG# WR# HVWLPDWH# WKH# HIIHFW# RI
FKDQJHV#LQ#HPLVVLRQV#RQ#YLVLELOLW\#IRU#WKH#ZHVWHUQ#8161
7KLV# PRGHO# FDOFXODWHV# OLJKW# H[WLQFWLRQ# FRHIILFLHQWV
EDVHG# XSRQ# HVWLPDWHV# RI# WKH# JULGGHG# JURXQG0OHYHO
FRQFHQWUDWLRQV# RI# WKH# IROORZLQJ# VSHFLHV# ²# VXOIDWH
+1+76.*627.$627,/# QLWUDWH# +1+71.3126,/
125/#62$/#32$/#3(&/#30ILQH#DQG#30FRDUVH#+UHIHU
WR# 7DEOH# &0;# IRU# D# GHVFULSWLRQ# RI# WKHVH# VSHFLHV
DEEUHYLDWLRQV,1##7KH#FRQWULEXWLRQ#IURP#HDFK#RI#WKHVH
VSHFLHV#LV#DGMXVWHG#EDVHG#RQ#WKH#H[WLQFWLRQ#HIILFLHQF\
RI#HDFK#DQG/#LQ#WKH#FDVH#RI#VXOIDWH/#QLWUDWH#DQG#62$/#DQ
DGMXVWPHQW#GHSHQGHQW#RQ#WKH#UHODWLYH#KXPLGLW\1##7KH
WRWDO#H[WLQFWLRQ#FRHIILFLHQW#LV#WKHQ#JLYHQ#E\=

E # #431.#314:-125#.#I +5+,-VXOIDWH#.#I +5+,-1LWUDWHH[W VR7 QR6
.#I +5+,-62$#.915-32$#.#4318-3(&#.#30),1(#.VRD
319-30&2$56(

ZKHUH#WKH#FRQVWDQW#YDOXH#RI#4313#LV#WKH#FRQWULEXWLRQ#WR
WKH#VFDWWHULQJ#FRHIILFLHQW#IRU#SDUWLFOH0IUHH#DLU#+5D\OHLJK
VFDWWHULQJ,1##5(06$'#JHQHUDWHG#E #YDOXHV#DUH#WKHQH[W
FRQYHUWHG#WR#GHFLYLHZV1

REMSAD Modeling Results

9LVLELOLW\#HVWLPDWHV#DQG#FKDQJH#LQ#YLVLELOLW\#ZHUH
FDOFXODWHG#IRU#HDFK#RI#WKH#IXWXUH0\HDU#VFHQDULRV#IRU#XVH
LQ# WKH#HIIHFWV#DQDO\VLV1# #)LJXUH#&05:# LOOXVWUDWHV# 4<<3
EDVH#\HDU#GHFLYLHZ# OHYHOV#IRU#WKH#ZHVWHUQ#8161# #7KLV
PDS#VKRZV# WKDW#YLVLELOLW\# LV#SRRUHU# LQ# WKH#UHJLRQ#RI
&DOLIRUQLD#H[WHQGLQJ#IURP#6DQ#)UDQFLVFR#VRXWKZDUG#WR
/RV# $QJHOHV/# WKH# 3DFLILF# 1RUWKZHVW/# DQG# ODUJHU
PHWURSROLWDQ#DUHDV#VXFK#DV#'HQYHU/#&2>#$OEXTXHUTXH/
10># DQG# 3KRHQL[/# $=1# # 0RVW# QRWLFHDEOH# LV# WKH
FRPSDUDWLYHO\#KLJK#GHFLYLHZ#OHYHO#LQ#WKH#/RV#$QJHOHV
UHJLRQ1

)LJXUHV#&05;# DQG#&05<# LOOXVWUDWH# WKH#GLIIHUHQFH
EHWZHHQ# 5343# 3UH0&$$$# DQG# 4<<3# EDVH# \HDU
HVWLPDWHV# DQG# WKH# GLIIHUHQFH# EHWZHHQ# 5343# 3RVW0
&$$$# DQG# 4<<3# EDVH# \HDU# HVWLPDWHV/# UHVSHFWLYHO\1
7KH# ILUVW#RI# WKHVH#PDSV# VKRZV# WKDW#XQGHU# WKH#3UH0

&$$$# VFHQDULR# YLVLELOLW\# LV# H[SHFWHG# WR# UHPDLQ
XQFKDQJHG#EHWZHHQ#4<<3#DQG#5343#WKURXJKRXW#PXFK
RI#WKH#:HVW#DQG#DFWXDOO\#LPSURYH#LQ#FRDVWDO#2UHJRQ
DQG#DORQJ# WKH#ZHVWHUQ# ,GDKR#ERUGHU1# # ,Q# WKH# ODUJHU
XUEDQ# DUHDV/# KRZHYHU/# SHUFHSWLEOH# YLVLELOLW\
GHJUDGDWLRQ# LV#SUHGLFWHG1# #9LVLELOLW\# LPSURYHPHQW# LQ
DQG#DURXQG#ZHVWHUQ#FLWLHV/#HVSHFLDOO\#LQ#&DOLIRUQLD/#LV
SUHGLFWHG#XQGHU#WKH#3RVW0&$$$#VFHQDULR1##)LJXUH#&0
5<# FDSWXUHV# WKHVH# FKDQJHV# DQG# VKRZV# WKDW# LQ# 5343
LPSURYHPHQWV# LQ# YLVLELOLW\# DUH# QRW# H[SHFWHG# WR# EH
UHVWULFWHG#WR#MXVW#WKH#ODUJHU#XUEDQ#DUHDV>#FRPSDUHG#WR
4<<3#EDVH#\HDU#HVWLPDWHV/#3RVW0&$$$#GHFLYLHZ#OHYHOV
DUH#DOVR#SUHGLFWHG# WR#EH# ORZHU# WKURXJKRXW#PXFK#RI
:DVKLQJWRQ/#2UHJRQ/# # DQG#1HYDGD# DQG# LQ# VL]HDEOH
VHFWLRQV#RI#$UL]RQD/#,GDKR/#8WDK/#DQG#:\RPLQJ1



Figure C-27.  Seasonal Average Deciview for the summer REMSAD
simulation period (1-10 July 1990): base 1990 (western U.S. only)
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Figure C-28.  Difference in seasonal average Deciview for the summer REMSAD
simulation period (1-10 July 1990): 2010 pre-CAAA90 minus base 1990 (western
United States only)
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Acid Deposition

7KH# DFLG# GHSRVLWLRQ#PRGHOLQJ# HIIRUWV# IRU# WKLV
DQDO\VLV#IRFXVHG#RQ#HVWLPDWLQJ#WKH#FKDQJH#LQ#DPELHQW
FRQFHQWUDWLRQV# RI# VHOHFWHG#SROOXWDQWV# DV# D# UHVXOW#RI
FKDQJHV#LQ#HPLVVLRQV1##7KH#QHHG#WR#IRFXV#RQ#UHODWLYH
FKDQJHV/#UDWKHU#WKDQ#DEVROXWH#SUHGLFWLRQV/#LV#HVSHFLDOO\
DFXWH# ZKHQ# HVWLPDWLQJ# DLU# TXDOLW\# RXWFRPHV# IRU
SROOXWDQWV#VXEMHFW# WR# ORQJ0UDQJH# WUDQVSRUW/#FKHPLFDO
WUDQVIRUPDWLRQ/# DQG# DWPRVSKHULF# GHSRVLWLRQ1# # 7KH
FRPSOH[LW\#RI#WKH#UHODWLRQVKLSV#EHWZHHQ#HPLVVLRQV/#DLU
FRQFHQWUDWLRQV/#DQG#GHSRVLWLRQ#LV#ZHOO0GHVFULEHG#LQ#WKH
IROORZLQJ# SDUDJUDSK# IURP# WKH# 5$'0# UHSRUW
GRFXPHQW#GHYHORSHG#E\#5RELQ#'HQQLV#RI#8161#(3$*V
1DWLRQDO#([SRVXUH#5HVHDUFK#/DERUDWRU\=

%6XOIXU/# QLWURJHQ/# DQG# R[LGDQW# VSHFLHV# LQ# WKH
DWPRVSKHUH#FDQ#EH#WUDQVSRUWHG#KXQGUHGV#WR#WKRXVDQGV
RI# NLORPHWHUV# E\# PHWHRURORJLFDO# IRUFHV1# # 'XULQJ
WUDQVSRUW# WKH# SULPDU\# HPLVVLRQV/# 62 /#12 /# DQG5 [
YRODWLOH#RUJDQLF#FRPSRXQGV#+92&,#DUH#R[LGL]HG#LQ
WKH# DLU# RU# LQ# FORXG0ZDWHU# WR# IRUP# QHZ/# VHFRQGDU\
FRPSRXQGV/#ZKLFK#DUH#DFLGLF/#SDUWLFXODUO\#VXOIDWH#DQG
QLWULF# DFLG/# RU# ZKLFK# DGG# WR# RU# VXEWUDFW# IURP# WKH
DPELHQW# OHYHOV# RI# R[LGDQWV/# VXFK# DV# R]RQH1# # 7KH
R[LGL]HUV/# VXFK# DV# WKH# K\GUR[\O# UDGLFDO/# K\GURJHQ
SHUR[LGH# DQG# R]RQH# DUH# SURGXFHG# E\# UHDFWLRQV# RI
92&#DQG#12 1##7KH#VXOIXU#DQG#QLWURJHQ#SROOXWDQWV[
DUH#GHSRVLWHG# WR# WKH#HDUWK# WKURXJK#HLWKHU#ZHW#RU#GU\
GHSRVLWLRQ#FUHDWLQJ#D#ORDG#RI#SROOXWDQWV#WR#WKH#HDUWK*V
VXUIDFH111##+RZHYHU/#WKH#DWPRVSKHUH#LV#SDUWO\#FOHDQVHG
RI#R[LGDQWV# WKURXJK#D#QXPEHU#RI#SK\VLFDO#SURFHVVHV
LQFOXGLQJ#GHSRVLWLRQ#+H1J1/#R]RQH#LV#UHPRYHG#E\#ZHW#DQG
GU\#GHSRVLWLRQ,1##'U\#GHSRVLWLRQ#RFFXUV#ZKHQ#SDUWLFOHV
VHWWOH#RXW#RI#WKH#DLU#RQWR#WKH#HDUWK#RU#ZKHQ#JDVHRXV#RU
ILQH#SDUWLFOH# VSHFLHV#GLUHFWO\# LPSDFW# ODQG/#SODQWV/# RU
ZDWHU#RU#ZKHQ#SODQW#VWRPDWD#WDNH#XS#JDVHRXV#VSHFLHV/
VXFK# DV# 62 1# # ,Q# ZHW# GHSRVLWLRQ/# SROOXWDQWV# DUH5
UHPRYHG#IURP#WKH#DWPRVSKHUH#E\#HLWKHU#UDLQ#RU#VQRZ1
,Q#DGGLWLRQ/#ILQH#SDUWLFOHV#RU#VHFRQGDU\#DHURVROV#IRUPHG
E\# WKH# JDV0# DQG# DTXHRXV0SKDVH# WUDQVIRUPDWLRQ
SURFHVVHV# VFDWWHU# RU# DEVRUE# YLVLEOH# OLJKW# DQG# WKXV
FRQWULEXWH#WR#LPSDLUPHQW#RI#YLVLELOLW\1%43

7KH# FRPSOH[LW\# DQG# QRQOLQHDULW\# RI# WKH
UHODWLRQVKLSV# EHWZHHQ# ORFDOL]HG# HPLVVLRQV# RI
SUHFXUVRUV/#VXFK#DV#62 #DQG#92&V/#DQG#VXEVHTXHQW5
UHJLRQDO#VFDOH#DLU#TXDOLW\#DQG#GHSRVLWLRQ#HIIHFWV#DUH#VR
VXEVWDQWLDO# WKDW# DGYDQFHG#PRGHOLQJ# LV# UHTXLUHG# WR
DFFXUDWHO\#HVWLPDWH#WKH#EURDG0VFDOH#LPSDFW#RI#FKDQJHV
LQ# HPLVVLRQV#RQ#DFLG#GHSRVLWLRQ1# #)RU# WKLV#DQDO\VLV/
(3$# XVHG# WKH# 5HJLRQDO# $FLG# 'HSRVLWLRQ# 0RGHO
+5$'0,# WR#HVWLPDWH#DFLG#GHSRVLWLRQ# LQ# WKH#HDVWHUQ
8QLWHG#6WDWHV1#

Overview of the RADM Modeling
System

5$'0/#D#WKUHH0GLPHQVLRQDO#(XOHULDQ#JULG0EDVHG
PRGHO#DOVR#XVHG#LQ#WKH#30#DQDO\VLV/#HVWLPDWHG#QLWURJHQ
DQG#VXOIXU#GHSRVLWLRQ#IRU#WKH#4<<3#EDVH#\HDU#DQG#HDFK
RI# WKH# IXWXUH# \HDU# HPLVVLRQV# VFHQDULRV1# #(VWLPDWHV/
H[SUHVVHG# LQ#NJ2KD/# #ZHUH#GHYHORSHG# IRU# 5333# DQG
5343#DQG#FDOFXODWHG#IRU#HDFK#;30NP#5$'0#JULG#FHOO1
,W# LV# LPSRUWDQW# WR# QRWH/# KRZHYHU/# WKDW# DPPRQLD
GHSRVLWLRQ/#D#VLJQLILFDQW#FRQWULEXWRU#WR#WRWDO#QLWURJHQ
GHSRVLWLRQ/#ZDV#KHOG#FRQVWDQW#IRU#HDFK#RI#WKH#PRGHO
UXQV1##7KLV#ZDV#EHFDXVH#OLYHVWRFN#IDUPLQJ#DQG#RWKHU
DFWLYLWLHV# WKDW# GULYH# DPPRQLD# IRUPDWLRQ# DQG
GHSRVLWLRQ#ZHUH#HVVHQWLDOO\#XQDIIHFWHG#E\#WKH#&$$$0
UHODWHG#FRQWURO#SURJUDPV1##$#PRUH#GHWDLOHG#GHVFULSWLRQ
RI# 5$'0/# LWV# GRPDLQ/# DQG# LWV# LQSXWV# LV# SURYLGHG
HDUOLHU#LQ#WKLV#DSSHQGL[11

RADM Modeling Results

)LJXUHV#&063#DQG#&064#VKRZ#WKH#4<<3#EDVH0\HDU
GHSRVLWLRQ# HVWLPDWHV# IRU# VXOIXU# DQG# QLWURJHQ
UHVSHFWLYHO\1##3UHGLFWLRQV#IRU#ERWK#SROOXWDQWV#XQGHU#WKH
3UH0# DQG# 3RVW0&$$$# VFHQDULRV# DUH# GLVSOD\HG# LQ
)LJXUHV#&065#WKURXJK#&0681##&RPSDULVRQ#RI#WKH#WKUHH
PDSV#VKRZLQJ#VXOIXU#GHSRVLWLRQ#DQG#FRPSDULVRQ#RI
WKH#WKUHH#PDSV#VKRZLQJ#QLWURJHQ#GHSRVLWLRQ#UHYHDOV
WKDW#IRU#ERWK#SROOXWDQWV#DQQXDO#GHSRVLWLRQ#XQGHU#WKH
3UH0&$$$#VFHQDULR#LV#H[SHFWHG#WR#LQFUHDVH#EHWZHHQ
4<<3#DQG# 53431# #<HDU# 5343#3RVW0&$$$#VXOIXU#DQG
QLWURJHQ#GHSRVLWLRQ#SURMHFWLRQV/#KRZHYHU/#DUH#QRW#RQO\
ORZHU# WKDQ# 5343# 3UH0&$$$# SURMHFWLRQV/# EXW# DOVR
EHORZ#4<<3#EDVH#\HDU# OHYHOV1# #7RJHWKHU/#WKHVH#PDSV
LQGLFDWH#WKDW#EHWZHHQ#4<<3#DQG#5343#DYHUDJH#DQQXDO

#'HQQLV/#51#5$'0#5HSRUW#+4<<8,/#S1#4143



The Benefits and Costs of the Clean Air Act, 1990 to 2010

C-70

DFLG#GHSRVLWLRQ#LV#H[SHFWHG#WR#GHFUHDVH#DV#D#UHVXOW#RI
WKH#&OHDQ#$LU#$FW#$PHQGPHQWV1

1RWLFHDEOH#LQ#HDFK#RI#WKH#ILJXUHV/#HVSHFLDOO\#WKRVH
PDSSLQJ#QLWURJHQ/#LV#DQ#DUHD#RI#KLJK#GHSRVLWLRQ#DORQJ
WKH#9LUJLQLD01RUWK#&DUROLQD#ERUGHU1##7KLV#%KRW#VSRW%
LV#DERYH#3HUVRQ#&RXQW\/#1&/#D#UHJLRQ#ZLWK#RQH#ODUJH
DQG#RQH# YHU\# ODUJH# XWLOLW\#SODQW1 # #(PLVVLRQV# IURP44

WKHVH#SODQWV/#SDUWLFXODUO\#12 /#OLNHO\#DUH#WKH#VRXUFH#RI[
WKH# KLJK# GHSRVLWLRQ# LQ# WKLV# DUHD1# # 3HUVRQ# &RXQW\
H[KLELWV#WKH#KLJKHVW#EDVH#\HDU#DQG#IXWXUH#\HDU#3UH0#DQG
3RVW0&$$$# DFLG#GHSRVLWLRQ# HVWLPDWHV# LQ# WKH# HQWLUH
5$'0#GRPDLQ1

&RPSDULVRQ# RI# 5343# 3UH0# DQG# 3RVW0&$$$
HPLVVLRQV# LQ# 3HUVRQ# &RXQW\# VKRZV# WKDW# 12[
HPLVVLRQV#DUH#H[SHFWHG#WR#EH#ORZHU#LQ#5343#DV#D#UHVXOW
RI# WKH#&$$$1# #7KLV#FKDQJH# LQ#HPLVVLRQV/#KRZHYHU/
WUDQVODWHV#WR#D#FKDQJH# LQ#DFLG#GHSRVLWLRQ#WKDW# LV#QRW
FDSWXUHG#E\#WKH#PDSV#SURYLGHG#LQ#WKLV#VHFWLRQ1##5343
3RVW0&$$$#QLWURJHQ#DQG#VXOIXU#GHSRVLWLRQ#HVWLPDWHV
IRU#WKLV#FRXQW\#DUH#5:15#DQG#:;13#NJ2KD#UHVSHFWLYHO\1
7KHVH# ILJXUHV# UHSUHVHQW# D# GHFUHDVH# LQ# QLWURJHQ
GHSRVLWLRQ# RI# 4713# NJ2KD# DQG# D# GHFUHDVH# LQ# VXOIXU
GHSRVLWLRQ#RI#718#NJ2KD#IURP#5343#3UH0&$$$#OHYHOV1
&RPSDUHG# WR# WKH# EDVH# \HDU/# WKH# 5343# 3RVW0&$$$
QLWURJHQ#GHSRVLWLRQ#HVWLPDWH#IRU#3HUVRQ#&RXQW\#LV#714
NJ2KD#ORZHU#WKDQ#4<<3#OHYHOV/#WKH#5343#3RVW0&$$$
VXOIXU#GHSRVLWLRQ#SUHGLFWLRQ/#KRZHYHU/#LV#451<#NJ2KD
KLJKHU1

8QGHU# WKH# 5343# 3RVW0&$$$# VFHQDULR# WKH# 0D\R# +ODUJH,# DQG44

5R[ERUR#+YHU\#ODUJH,#XWLOLW\#SODQWV#DUH#SUHGLFWHG#WR#HPLW#</733#DQG#63/433
WRQV#RI#12 #SHU#\HDU#UHVSHFWLYHO\1[
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Figure C-29
Annual Sulfur Deposition
1990 Base Case Scenario
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Figure C-30
Annual Nitrogen Deposition
1990 Base Case Scenario
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Figure C-31
Annual Nitrogen Deposition

2000 Pre CAAA Scenario
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Figure C-32
Annual Sulfur Deposition 
2010 Post C AAA Scenario
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Figure C-33
Annual Nitrogen Deposition 

2010 Pre CAAA Scenario
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Figure C-34
Annual Nitrogen Deposition 

2010 Post C AAA Scenario
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Estimating the Effects of the
CAAA on Sulfur Dioxide, Oxides
of Nitrogen, and Carbon
Monoxide

)XWXUH0\HDU#3UH0#DQG#3RVW0&$$$#DPELHQW#62 /5
12/#12 /#DQG#&2#FRQFHQWUDWLRQV#ZHUH#HVWLPDWHG#E\5
DGMXVWLQJ# 4<<3# FRQFHQWUDWLRQV# XVLQJ# IXWXUH0\HDU# WR
EDVH0\HDU# HPLVVLRQV# UDWLRV1# # 7KH#PHWKRGRORJ\# IRU
FDOFXODWLQJ# DQG# DSSO\LQJ# WKHVH# UDWLRV# LV# GHVFULEHG
EHORZ1###7KH#UHVXOWLQJ#IXWXUH0\HDU#FRQFHQWUDWLRQ#DOVR
DUH#GLVFXVVHG#LQ#WKLV#VHFWLRQ>#KLVWRJUDPV#DUH#XVHG#WR
LOOXVWUDWH# WKH# UHODWLRQVKLS# EHWZHHQ# 3RVW0# DQG# 3UH0
&$$$#HPLVVLRQV#HVWLPDWHV1

Methodology for Estimating Future-
Year SO , NO, NO , and CO2 2

Concentrations 

7R#HVWLPDWH#IXWXUH0\HDU#62 /#12/#12 /#DQG#&25 5
FRQFHQWUDWLRQV/# DGMXVWPHQW# IDFWRUV# ZHUH# FDOFXODWHG
XVLQJ# JULG# FHOO# VSHFLILF# 5(06$'# HPLVVLRQV# GDWD
+'RXJODV# HW# DO1/# 4<<<,1# # 5(06$'*V# GRPDLQ
HQFRPSDVVHV#WKH#7;#FRQWLJXRXV#VWDWHV#DQG#LV#GLYLGHG
LQWR#7/<83#JULG#FHOOV/#HDFK#PHDVXULQJ#DSSUR[LPDWHO\#89
NP#E\#89#NP1##$V#SDUW#RI#WKH#PRGHO*V#LQSXW/#JULGGHG
HPLVVLRQ# LQYHQWRULHV# FRQWDLQLQJ# VHDVRQDO# 3UH0# DQG
3RVW0&$$$# 62 /# 12/# 12 /# DQG# &2# HPLVVLRQV5 5
HVWLPDWHV# ZHUH# SUHSDUHG1# # 7KHVH# VDPH# HPLVVLRQV
HVWLPDWHV#XVHG#DV#5(06$'# LQSXW# LQ#RWKHU#SDUWV#RI
WKLV#SURVSHFWLYH#DQDO\VLV/#ZHUH#DOVR#XVHG#WR#FDOFXODWH
62 /#12/#12 /#DQG#&2#DGMXVWPHQW#IDFWRUV1#5 5

%HIRUH#HPLVVLRQ0EDVHG#UDWLRV#+DGMXVWPHQW#IDFWRUV,
ZHUH#FDOFXODWHG/#WZR#VHSDUDWH#LQYHQWRULHV#PDLQWDLQHG
LQGLYLGXDOO\# IRU#5(06$'#PRGHOLQJ#SXUSRVHV/#RQH
FRQWDLQLQJ#HOHYDWHG#SRLQW#VRXUFH#HPLVVLRQV#GDWD#DQG
WKH# RWKHU# FRQWDLQLQJ# HPLVVLRQV# GDWD# IRU# ORZ0OHYHO
VRXUFHV/#ZHUH#FRPELQHG1##(DFK#VWDFN#FRUUHVSRQGLQJ#WR
DQ#HOHYDWHG#SRLQW#VRXUFH#ZDV#DVVLJQHG#WR#D#JULG#FHOO
EDVHG#RQ# ORFDWLRQ1# #(PLVVLRQV# IURP# HOHYDWHG#SRLQW
VRXUFHV#ZHUH#WKHQ#DGGHG#WR#WKH# ORZ0OHYHO#HPLVVLRQV
FRUUHVSRQGLQJ# WR# WKH#JULG#FHOO# LQ#ZKLFK# WKH#VWDFN# LV
ORFDWHG1# # ,Q# WKLV# PDQQHU/# D# ILOH# FRQWDLQLQJ# WRWDO

HPLVVLRQV#IRU#HDFK#JULG#FHOO#ZDV#SUHSDUHG1##7KLV#ZDV
GRQH#IRU#HDFK#VHDVRQ#IRU#WKH#4<<3#EDVH#\HDU#DQG#5333
DQG#5343#3UH0#DQG#3RVW0&$$$#VFHQDULRV1

2QFH# WKH# HPLVVLRQV# LQYHQWRU\# ZDV# SUHSDUHG/
HPLVVLRQ0EDVHG# UDWLRV# IRU#62 /#12/#12 /# DQG#&25 5
ZHUH#JHQHUDWHG1##)RU#HDFK#5$'0#JULG#FHOO/#DGMXVWPHQW
IDFWRUV#ZHUH#FDOFXODWHG#FRPSDULQJ#IXWXUH0\HDU#+5333
DQG#5343,#HPLVVLRQV#XQGHU#HDFK#SURMHFWLRQ#VFHQDULRV
WR#EDVH0\HDU#+4<<3,#HPLVVLRQV1##6HSDUDWH#VHWV#RI#UDWLRV
ZHUH#GHYHORSHG#IRU#HDFK#VHDVRQ1

)ROORZLQJ# WKH# FDOFXODWLRQ# RI# HPLVVLRQ0EDVHG
UDWLRV/#IXWXUH0\HDU#FRQFHQWUDWLRQV#ZHUH#WKHQ#HVWLPDWHG
E\#DSSO\LQJ#WKHVH#UDWLRV#WR#REVHUYHG#4<<3#EDVH0\HDU
PRQLWRU# FRQFHQWUDWLRQV1# # )RU#5(06$'# JULG# FHOOV
ZLWKRXW# 4<<3# PRQLWRU# FRQFHQWUDWLRQ# GDWD
LQWHUSRODWLRQ# ZDV# XVHG# WR# HVWLPDWH# EDVH0\HDU
FRQFHQWUDWLRQV1##$GMXVWPHQW#IDFWRUV#IRU#WKH#JULG#FHOO
ZHUH#WKHQ#DSSOLHG#WR#WKH#LQWHUSRODWHG#YDOXHV1##
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Figure C-35. Distribution of Monitor-Level Ratios of Summer 
SO  Emissions:  2010 Post-C AAA / 2010 Pre-CAAA2

 Note: 2.4 percent of the distribution of ratios is less than 0.40.

Figure C-36. Distribution of Monitor-Level Ratios of Summer 
NO Emissions:  2010 Post-C AAA / 2010 Pre-CAAA

 Note: 3.3 percent of the distribution of ratios is less than 0.40.
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Figure C-37. Distribution of Monitor-Level Ratios of Summer 
NO  Emissions:  2010 Post-C AAA / 2010 Pre-CAAA2

 Note: 2.7 percent of the distribution of ratios is less than 0.40.

Figure C-38. Distribution of Monitor-Level Ratios of Summer 
CO Emissions:  2010 Post-C AAA / 2010 Pre-CAAA

 Note: 15.7 percent of the distribution of ratios is less than 0.40.
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Emission-Based Ratios for SO , NO,2

NO , and CO2

(PLVVLRQ0EDVHG# UDWLRV#ZHUH# FDOFXODWHG# IRU# HDFK
JULG# FHOO/# UHJDUGOHVV# RI# ZKHWKHU# RU# QRW# WKH# FHOO
FRQWDLQHG#D#PRQLWRULQJ#VLWH1##7KH#ILJXUHV#LQFOXGHG#LQ
WKLV# VHFWLRQ# KRZHYHU/# UHSUHVHQW# WKH# GLVWULEXWLRQ# RI
UDWLRV# IRU# DFWXDO#PRQLWRULQJ# VLWH# ORFDWLRQV1# # 7KHVH
GLVWULEXWLRQV#UHYHDO#WKH#UHODWLRQVKLS#EHWZHHQ#IXWXUH0
\HDU#DQG#EDVH0\HDU#FRQFHQWUDWLRQV1# #$#UDWLRV#JUHDWHU
WKDW# RQH# LQGLFDWHV# DQ# LQFUHDVH# LQ# DPELHQW
FRQFHQWUDWLRQ# IURP# WKH#EDVH0\HDU/#ZKLOH#D#UDWLR# OHVV
WKDQ#RQH#LQGLFDWHV#D#GHFUHDVH1

2XU#UHVXOWV# LQGLFDWH#WKDW#FRPSDUHG#WR#WKH#EDVH0
\HDU/# IXWXUH0\HDU#FRQFHQWUDWLRQV#RI#62 /#12/#12 /5 5
DQG# &2# WHQG# WR# LQFUHDVH# XQGHU# WKH# 3UH0&$$$
VFHQDULR/#ZKLOH#3RVW0&$$$#FRQFHQWUDWLRQV#IRU#DOO#IRXU
SROOXWDQWV#H[FHSW#62 #WHQG#WR#GHFUHDVH1##)RU#H[DPSOH/5
WKH#PHGLDQ#5343#3UH0&$$$#HPLVVLRQ0EDVHG#UDWLR#IRU
62 #LV#URXJKO\#4168/#LQGLFDWLQJ#DQ#LQFUHDVH#LQ#PHGLDQ5
5343#3UH0&$$$#62 #FRQFHQWUDWLRQ#RI#DSSUR[LPDWHO\5
68#SHUFHQW# IURP# WKH# 4<<3#EDVH0\HDU1# # #7KH#PHGLDQ
UDWLRV#IRU#12/#12 /#DQG#&2#DUH#URXJKO\#4146/#414:/5
DQG#4138#UHVSHFWLYHO\1##8QGHU#WKH#3RVW0&$$$#VFHQDULR
ZH# HVWLPDWH# WKDW# LQ# 5343# 12/# 12 /# DQG# &25
FRQFHQWUDWLRQV#ZLOO#WHQG#WR#EH#DSSUR[LPDWHO\#58#DQG
63#SHUFHQW#EHORZ#EDVH0\HDU#OHYHOV1##7KH#PHGLDQ#5343
3RVW0&$$$# HPLVVLRQ0EDVHG# UDWLRV# IRU# WKHVH# WKUHH
SROOXWDQWV#DUH#URXJKO\#31:7/#31:3/#DQG#31:9#UHVSHFWLYHO\1
:H#HVWLPDWH#WKDW#62 /#FRQFHQWUDWLRQV/#KRZHYHU/#ZLOO5
LQFUHDVH# LQ# PDQ\# DUHDV# RI# WKH# 8161# # 7KH# PHGLDQ
DGMXVWPHQW# UDWLR# IRU# WKLV#SROOXWDQW# LV#DSSUR[LPDWHO\
41541#

Comparison of the Pre- and Post-
CAAA Ratios
##

&RPSDULVRQ#RI#3UH0#DQG#3RVW0&$$$#HPLVVLRQ0
EDVHG#DGMXVWPHQW#IDFWRUV#DOVR#KHOSV#LOOXVWUDWH#WKH#HIIHFW
RI# WKH# 4<<3# $PHQGPHQWV# RQ# DPELHQW# SROOXWLRQ
FRQFHQWUDWLRQV1# # 7KH# UDWLR# RI# 5343# 3RVW0&$$$
DGMXVWPHQW# IDFWRUV# WR# 5343# 3UH0&$$$# DGMXVWPHQW
IDFWRUV#VKRZV#WKH##LPSDFW#RI#WKH#4<<3#$PHQGPHQWV
RQ# DPELHQW# FRQFHQWUDWLRQV# UHODWLYH# WR# WKH# EDVHOLQH
VFHQDULR1# # 5DWLRV# OHVV# WKDQ# RQH# LQGLFDWH# WKDW# ZH

HVWLPDWH#WKDW#IXWXUH0\HDU#FRQFHQWUDWLRQV#RI#62 /#12/5
12 /# DQG# &2# DUH# ORZHU# XQGHU# WKH# 3RVW0&$$$5
VFHQDULR#WKDQ#XQGHU#WKH#3UH0&$$$#VFHQDULR1#

)LJXUHV#&068#WKURXJK#&06;#VKRZ#WKH#GLVWULEXWLRQ
RI# 5343#3RVW0&$$$# WR# 5343#3UH0&$$$# UDWLRV# IRU
VXPPHUWLPH# 62 /#12/#12 /# DQG#&2# UHVSHFWLYHO\15 5
7KHVH# ILJXUHV# LOOXVWUDWH# WKH#UHJLRQDO#YDULDWLRQ# LQ# WKH
LQIOXHQFH# RI# WKH# 4<<3# $PHQGPHQWV# RQ# DPELHQW
FRQFHQWUDWLRQV# RI# WKHVH# SROOXWDQWV1# # $OWKRXJK# ZH
HVWLPDWH# FRQFHQWUDWLRQV# LQ# VRPH# DUHDV#ZLOO# LQFUHDVH
XQGHU#WKH#3RVW0&$$$#VFHQDULR#UHODWLYH#WR#3UH0&$$$
HVWLPDWHV/#WKH#PHGLDQ#VXPPHUWLPH#5343#3RVW0#WR#3UH0
&$$$#UDWLRV#IRU#62 /#12/#12 /#DQG#&2#DUH#31<3/5 5
319:/#318;/#DQG#31:5#UHVSHFWLYHO\1##7KHVH#YDOXHV/#HDFK
OHVV#WKDQ#RQH/# LQGLFDWH#WKDW#WKH#FHQWUDO#WHQGHQF\#IRU
VXPPHUWLPH# 5343# 3RVW0&$$$# FRQFHQWUDWLRQ
HVWLPDWHV#RI#WKHVH#IRXU#SROOXWDQWV#LV#WR#EH#ORZHU#WKDQ
5343#3UH0&$$$#HVWLPDWHV1

7DEOH# &047# GLVSOD\V# WKH#PHGLDQ# YDOXHV# RI# WKH
GLVWULEXWLRQ# RI# 3RVW0# WR# 3UH0&$$$# UDWLRV# IRU# WKH
VXPPHU#PRQWKV#GHVFULEHG#DERYH#DQG#WKH#UHPDLQLQJ
WKUHH# VHDVRQV1# # -XVW# DV# IRU# WKH# VXPPHU># VSULQJ/
DXWXPQ/#DQG#ZLQWHU#PHGLDQ#YDOXHV#DUH#OHVV#WKDQ#RQH1
$YHUDJHG#RYHU#DOO#IRXU#VHDVRQV/#ZH#HVWLPDWH#D#PHGLDQ
UHGXFWLRQ#LQ##62 /#12/#12 /#DQG#&2#FRQFHQWUDWLRQV5 5
RI# DSSUR[LPDWHO\# </# 66/# 73/# DQG# 58# SHUFHQW
UHVSHFWLYHO\1##5$&7#UHTXLUHPHQWV/#WDLOSLSH#HPLVVLRQV
VWDQGDUGV/#DQG#12 #HPLVVLRQV#WUDGLQJ#DFFRXQW#IRU#WKH[
EXON#RI#WKH#UHGXFWLRQ#LQ#12#DQG#12 #FRQFHQWUDWLRQV15
7LWOH#,#QRQDWWDLQPHQW#DUHD#FRQWUROV#DQG#7LWOH#,,#PRWRU
YHKLFOH#SURYLVLRQV# DUH# UHVSRQVLEOH# IRU#PXFK#RI# WKH
FKDQJH# LQ# &2# FRQFHQWUDWLRQV/# ZKLOH# UHJXODWLRQ# RI
XWLOLW\# DQG# PRWRU# YHKLFOH# HPLVVLRQV# DFFRXQW# IRU
PDMRULW\#RI#WKH#GHFUHDVH#LQ#62 #FRQFHQWUDWLRQV1#5
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Table C-14
Median Values of the Distribution of Ratios of 2010 Post-C AAA/Pre-CAAA
Adjustment Factors

SO NO NO CO2 2

Spring 0.904 0.669 0.598 0.790
Summer 0.892 0.666 0.575 0.720
Autumn 0.916 0.677 0.614 0.756
Winter 0.924 0.686 0.626 0.692

Table C-15
Background Concentrations used to Prepare the SO , NO, NO , and CO Profiles2 2

Pollutant Background Concentration

SO 02

NO 0

NO 02

CO 0.2 ppm

Attributes and Limitations of the
Modeling Analysis Methodology

7KH#6HFWLRQ# ;45#SURVSHFWLYH#PRGHOLQJ# DQDO\VLV
XWLOL]HG#D#VHW#RI#PRGHOLQJ#WRROV#DQG# LQSXW#GDWDEDVHV
WKDW#IRU#WKH#PRVW#SDUW#KDG#EHHQ#GHYHORSHG/#WHVWHG/#DQG
HYDOXDWHG#DV#SDUW#RWKHU#PRGHOLQJ#VWXGLHV#+H1J1/#27$*/
6,3#PRGHOLQJ#DQDO\VHV/#HWF1,1# #7KLV#SURYLGHG#D#FRVW0
HIIHFWLYH# PHDQV# RI# FRQGXFWLQJ# D# QDWLRQDO0VFDOH
PRGHOLQJ#H[HUFLVH1##7KH#PRGHOV#XVHG#IRU#WKH#VWXG\#DUH
DPRQJ#WKH#PRVW#ZLGHO\#XVHG#DQG#HYDOXDWHG#WRROV#IRU
R]RQH# DQG# 30#PRGHOLQJ/# DQG# KDYH# EHHQ# XVHG# IRU
SUHYLRXV#UHJXODWRU\#DSSOLFDWLRQV1##7KH#PRGHOLQJ#ZDV
SHUIRUPHG# LQ# PDQQHU# WKDW# LV# FRQVLVWHQW# ZLWK
HVWDEOLVKHG#SUDFWLFH#DQG#(3$#JXLGHOLQHV#UHJDUGLQJ#DLU
TXDOLW\#PRGHO#DSSOLFDWLRQV1

$OWKRXJK#DSSURSULDWH# WHFKQLTXHV#ZHUH#XVHG# IRU
WKH# DQDO\VLV# RI# HDFK# SROOXWDQW/# XVH# RI# VHSDUDWH
PRGHOV2WHFKQLTXHV#IRU#WKH#DQDO\VLV#RI#R]RQH/#30/#DQG
WKH# RWKHU# FULWHULD# SROOXWDQWV# GRHV# QRW# DOORZ# D# IXOO\
LQWHJUDWHG# DQDO\VLV# RI# WKH# HIIHFWV# RI# HDFK1
&RQVHTXHQWO\/#WKH#UHVXOWV#GR#QRW#UHIOHFW#DOO#SRWHQWLDO
LQWHUDFWLRQV#EHWZHHQ#SROOXWDQWV#+H1J1/#R]RQH#DQG#30,1
2QJRLQJ# UHVHDUFK# LQYROYLQJ# WKH# GHYHORSPHQW# DQG

WHVWLQJ# RI# LQWHJUDWHG#PRGHOLQJ# WRROV# +E\#(3$# DQG
RWKHU#RUJDQL]DWLRQV,#PD\#SURYLGH#WKH#RSSRUWXQLW\#IRU
IXOO\# LQWHJUDWHG# IXWXUH# 6HFWLRQ# ;45# SURVSHFWLYH
PRGHOLQJ#HIIRUWV1

$QDO\VLV#RI#WKH#HIIHFWV#RQ#WKH#QDWLRQDO#VFDOH#+WKH
&$$$#DSSOLHV#WR#WKH#HQWLUH#QDWLRQ,#UHTXLUHG#WKH#XVH#RI
VHYHUDO#GLIIHUHQW#GRPDLQV#ZLWK#YDU\LQJ#JULG#UHVROXWLRQ
DV#ZHOO#DV#WKH#XVH#RI#UHODWLYHO\#FRDUVH#UHVROXWLRQ#IRU
PDQ\#DUHDV#RI#WKH#FRXQWU\#IRU#WKH#JULG0EDVHG#PRGHOLQJ
HIIRUW1##7KH#XVH#RI#UHODWLYHO\#FRDUVH#JULG#UHVROXWLRQ#+45
NP#DQG#JUHDWHU,#LV#D#SRWHQWLDOO\#LPSRUWDQW#VRXUFH#RI
XQFHUWDLQW\# ZLWK# UHVSHFW# WR# WKH# PRGHOLQJ# UHVXOWV1
3UHYLRXV#VWXGLHV#KDYH#IRXQG#WKDW#WKH#UHVSRQVH#RI#WKH
8$009#PRGHOLQJ#V\VWHP#WR#HPLVVLRQ#UHGXFWLRQV# LV
DIIHFWHG# E\# JULG# UHVROXWLRQ# +'RXJODV# HW# DO1/# 4<<9,1
7KXV/#WKH#XVH#RI#JULG0FHOO#VSHFLILF#DGMXVWPHQW#IDFWRUV
WR# PRGLI\# VLWH0VSHFLILF# GDWD# PD\# LQWURGXFH# VRPH
XQFHUWDLQW\#LQWR#WKH#IXWXUH0\HDU#HVWLPDWHV1

7KHUH#DUH#DOZD\V#XQFHUWDLQWLHV#DVVRFLDWHG#ZLWK#WKH
XVH# RI#PRGHOLQJ# UHVXOWV# WR# HVWLPDWH# IXWXUH0\HDU# DLU
TXDOLW\1##7KHVH#GHULYH#IURP#LQDFFXUDFLHV#LQ#WKH#PRGHO
LQSXWV# DQG2RU# PRGHO# IRUPXODWLRQ# DQG# ZHUH
PDQLIHVWHG# LQ#WKLV#VWXG\# LQ#WKH#HYDOXDWLRQ#RI#PRGHO
SHUIRUPDQFH1# #:KLOH#JRRG#PRGHO#SHUIRUPDQFH#ZDV
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DFKLHYHG# IRU# PRVW# PRGHO# DSSOLFDWLRQV/# R]RQH WKH# EHQHILWV# RI# WKH# VLPXODWHG# FRQWURO# PHDVXUHV/
FRQFHQWUDWLRQV#ZHUH#XQGHUHVWLPDWHG#ZLWKLQ# WKH#/RV GHSHQGLQJ#XSRQ#ZKHWKHU#WKH#VLPXODWLRQ#UHVXOWV#IRU#WKH
$QJHOHV# GRPDLQ# DQG# 30# FRQFHQWUDWLRQV# ZHUH PRGHOHG# GD\V# DUH# VXIILFLHQWO\# UHSUHVHQWDWLYH# RI# WKH
XQGHUHVWLPDWHG#GXULQJ#WKH#IDOO#DQG#ZLQWHU#VLPXODWLRQ PHWHRURORJLFDO#DQG#DLU#TXDOLW\#FRQGLWLRQV#WKDW#RFFXUUHG
SHULRGV#LQ#WKH#5(06$'#DSSOLFDWLRQ1##5$'02530/ GXULQJ#4<<31
XVHG#DV#SDUW#RI#WKH#30#DQG#YLVLELOLW\#DQDO\VHV/#VKRZHG
D# WHQGHQF\# WR# RYHUHVWLPDWH# DQQXDO# DYHUDJH# VXOIDWH
FRQFHQWUDWLRQV# DQG# ZDUP# VHDVRQ# QLWUDWH
FRQFHQWUDWLRQV1# #$QQXDO# DYHUDJH#QLWUDWH#SUHGLFWLRQV
JHQHUDWHG# E\# 5$'02530/# KRZHYHU/#PDWFKHG# DLU
TXDOLW\#PRQLWRU#GDWD1

7KH# DFLG# GHSRVLWLRQ# HVWLPDWHV# LQFOXGHG# LQ# WKH R]RQH# DQG# 30/# UHVSHFWLYHO\,1# # 7KH# VSHFLILF
SUHVHQW#DQDO\VLV#DUH#OLPLWHG#WR#WKH#HDVWHUQ#VWDWHV#ZLWKLQ DVVXPSWLRQV# HPSOR\HG# LQ# WKH# DSSOLFDWLRQ# RI# WKH
WKH#5$'0#GRPDLQ1##'HSRVLWLRQ#LQ#WKH#ZHVWHUQ#8161 PHWKRGRORJ\/#KRZHYHU/#PD\#DIIHFW# WKH# UHVXOWLQJ#DLU
ZDV# QRW# PRGHOHG# IRU# WKLV# VWXG\1# # $OWKRXJK# DFLG TXDOLW\#SURILOHV#DQG#VKRXOG#EH#FDUHIXOO\#FRQVLGHUHG#LQ
GHSRVLWLRQ#LV#D#SUREOHP#SULPDULO\#IRU#WKH#HDVWHUQ#8161/ WKH#VXEVHTXHQW#XVH#DQG#LQWHUSUHWDWLRQ#RI#WKH#UHVXOWV1
GHSRVLWLRQ#GRHV#RFFXU# LQ#VWDWHV#ZHVW#RI# WKH#5$'0
GRPDLQ1##7KH#PDJQLWXGH#RI#WKH#EHQHILWV#RI#UHGXFLQJ
DFLG#GHSRVLWLRQ#LQ#WKHVH#ZHVWHUQ#VWDWHV#LV#OLNHO\#WR#EH
VPDOO/# KRZHYHU/# UHODWLYH# WR# WKH# RYHUDOO# EHQHILWV
DVVRFLDWHG#ZLWK#WKH#&OHDQ#$LU#$FW#$PHQGPHQWV1
##

7KH#DSSURDFK#XVHG#LQ#WKLV#VWXG\#WR#HVWLPDWH#IXWXUH
DLU#TXDOLW\# +WKH#FRPELQHG#XVH#RI#REVHUYHG#GDWD#DQG
PRGHOLQJ#UHVXOWV,#PD\/#FRPSDUHG#WR#D#PRUH#VWDQGDUG
DLU#TXDOLW\#PRGHO#DSSOLFDWLRQ#+H1J1/#D#PRGHO#DSSOLFDWLRQ
IRU# DWWDLQPHQW# GHPRQVWUDWLRQ# SXUSRVHV,/# WHQG# WR
PLQLPL]H# WKH# HIIHFWV# RI#PDQ\# RI# WKH# XQFHUWDLQWLHV
PHQWLRQHG#LQ#WKLV#VHFWLRQ1##7KH#UHDVRQ#IRU#WKLV#LV#WKDW
WKH#PRGHOLQJ#UHVXOWV#DUH#XVHG#LQ#D#UHODWLYH#VHQVH/#UDWKHU
WKDQ# DQ# DEVROXWH# VHQVH1# # 7KLV# PD\# HQKDQFH# WKH
UHOLDELOLW\#RI#WKH#IXWXUH0\HDU#FRQFHQWUDWLRQ#HVWLPDWHV/
HVSHFLDOO\#LQ#WKH#HYHQW#WKDW#WKH#XQFHUWDLQW\#LQKHUHQW#LQ
WKH#DEVROXWH#FRQFHQWUDWLRQ#YDOXHV#LV#JUHDWHU#WKDQ#WKDW
DVVRFLDWHG#ZLWK#WKH#UHVSRQVH#RI#WKH#PRGHOLQJ#V\VWHP
WR#FKDQJHV#LQ#HPLVVLRQV1

7KH# UDWLRV# IRU# DGMXVWLQJ# WKH# REVHUYHG# GDWD# DUH
FDOFXODWHG#XVLQJ#PRGHOLQJ#UHVXOWV#IRU#D#OLPLWHG#QXPEHU
RI# VLPXODWLRQ# GD\V# DQG# LW# LV# DVVXPHG/# XVLQJ# WKLV
PHWKRGRORJ\/#WKDW#WKH#UDWLRV#FDQ#EH#XVHG#WR#UHSUHVHQW
ORQJHU# WLPH# SHULRGV1# # 7KLV# DSSURDFK# SHUPLWV# WKH
HVWLPDWLRQ# RI# VHDVRQDO# DQG# DQQXDO# FRQFHQWUDWLRQ
GLVWULEXWLRQV1# #1HYHUWKHOHVV/# WKH# XVH#RI# WKH#PRGHO0
EDVHG#UDWLRV#LQ#DGMXVWLQJ#GDWD#IRU##DQ#HQWLUH#VHDVRQ#RU
\HDU#PD\#UHVXOW#LQ#VRPH#RYHU0#RU#XQGHUHVWLPDWLRQ#RI

)LQDOO\/# WKHUH# DUH#QXPHURXV#ZD\V# LQ#ZKLFK# WKH
DGMXVWPHQW# IDFWRUV#FRXOG#EH#FDOFXODWHG#DQG#DSSOLHG1
7KH#DSSURDFK#XVHG#LQ#WKLV#VWXG\#ZDV#GHVLJQHG#WR#PDNH
WKH#EHVW#XVH#RI# WKH# LQIRUPDWLRQ# DQG# OHYHO#RI#GHWDLO
SUHVHQW# LQ#ERWK# WKH#REVHUYDWLRQV#DQG# WKH#PRGHOLQJ
UHVXOWV#+H1J1/#XVH#RI#GHFLOH#DQG#TXLQWLOH#EDVHG#UDWLRV#IRU

Conclusions and
Recommendations for Further
Research

7KH# UHVXOWV# IURP# WKH# DLU# TXDOLW\# PRGHOLQJ
FRPSRQHQW#RI# WKH#6HFWLRQ# ;45#SURVSHFWLYH#DQDO\VLV
LQGLFDWH#WKDW#IRU#ERWK#IXWXUH#\HDUV#+5333#DQG#5343,/
WKH#PHDVXUHV#DQG#SURJUDPV#DVVRFLDWHG#ZLWK#WKH#&$$$
DUH# H[SHFWHG# WR# UHVXOW# LQ# ORZHU# FRQFHQWUDWLRQV# RI
R]RQH/#30/#DQG#WKH#RWKHU#FULWHULD#SROOXWDQWV#FRPSDUHG
WR#D#IXWXUH0\HDU#VFHQDULR#ZLWKRXW#VXFK#SURJUDPV1##7KH
GHJUHH#RI#LPSURYHPHQW#LQ#DLU#TXDOLW\#YDULHV#DPRQJ#WKH
FULWHULD# SROOXWDQWV# DQG# WKH# YDULRXV# SRUWLRQV# RI# WKH
FRXQWU\#LQFOXGHG#LQ#WKH#PRGHOLQJ#DQDO\VLV1##7KH#UHVXOWV
DOVR#GLIIHU#EHWZHHQ#WKH#WZR#IXWXUH#\HDUV/#VXFK#WKDW#WKH
LPSURYHPHQWV#DUH#JUHDWHU#DQG#PRUH#ZLGHVSUHDG#IRU
53431

7KH#PRGHOLQJ#DQDO\VLV#UHOLHG#RQ#D#VHW#RI#PRGHOLQJ
WRROV#DQG#LQSXW#GDWDEDVHV#WKDW#+IRU#WKH#PRVW#SDUW,#KDG
EHHQ#GHYHORSHG/#WHVWHG/#DQG#HYDOXDWHG#DV#SDUW#RWKHU
PRGHOLQJ#VWXGLHV1##,W#DOVR#PDGH#XVH#RI#VHYHUDO#RI#WKH
PRVW#ZLGHO\#XVHG#DQG#FRPSUHKHQVLYHO\#WHVWHG#WRROV
IRU# R]RQH# DQG# 30# PRGHOLQJ1# 7KH# PRGHOLQJ# ZDV
SHUIRUPHG# LQ# D# PDQQHU# WKDW# LV# FRQVLVWHQW# ZLWK
HVWDEOLVKHG#SUDFWLFH#DQG#(3$#JXLGHOLQHV#UHJDUGLQJ#DLU
TXDOLW\#PRGHO#DSSOLFDWLRQV1##+RZHYHU/#DV#QRWHG#LQ#WKH
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SUHYLRXV# VHFWLRQ# RI# WKLV# UHSRUW/# WKHUH# DUH# VHYHUDO
IHDWXUHV# RI# WKH# PRGHOLQJ# DQDO\VLV# WKDW# FRXOG# EH
LPSURYHG#XSRQ/#HVSHFLDOO\#FRQVLGHULQJ#UHFHQW#DGYDQFHV
LQ#WKH#GHYHORSPHQW#RI#LQWHJUDWHG#PRGHOLQJ#WRROV#DQG
WHFKQLTXHV1##5HFRPPHQGDWLRQV#IRU#IXWXUH#DLU#TXDOLW\
PRGHOLQJ# HIIRUWV# WR# VXSSRUW# WKH# 6HFWLRQ# ;45
SURVSHFWLYH#DQDO\VHV#LQFOXGH=

ü 6HOHFWLRQ#RI#PRGHOLQJ#HSLVRGH#SHULRGV#XVLQJ
DQ# LQWHJUDWHG# HSLVRGH# VHOHFWLRQ# SURFHGXUH
+H1J1/#'HXHO#DQG#'RXJODV/#4<<;,#VXFK#WKDW#WKH
PRGHOLQJ#SHULRGV# DUH# UHSUHVHQWDWLYH#RI# WKH
KLVWRULFDO# PHWHRURORJLFDO# DQG# DLU# TXDOLW\
FRQGLWLRQV# DQG# FDQ# EH# XVHG# WR# UHSUHVHQW
VHDVRQDO#DQG#DQQXDO#R]RQH/#30/#DQG#YLVLELOLW\
PHWULFV

ü 5HFRQILJXUDWLRQ#RI#WKH#PRGHOLQJ#GRPDLQ+V,
VXFK#WKDW#D#FRQVLVWHQW#XVH#RI#KLJK0UHVROXWLRQ
JULGV# RYHU# XUEDQ# DUHDV# ZLWK# FRPSOH[
PHWHRURORJLFDO# RU# HPLVVLRQV0EDVHG# IHDWXUHV
DUH#DFFRPPRGDWHG1

ü 5HYLHZ# DQG# XSGDWH# RI# WKH# LQSXW# GDWD# DQG
LQSXW#SUHSDUDWLRQ#WHFKQLTXHV#WR#LQFOXGH/#IRU
H[DPSOH/# XSGDWHG# +PRUH# UHFHQW,# HPLVVLRQV
HVWLPDWHV# +DQWKURSRJHQLF# DQG# ELRJHQLF,/
KLJKHU0UHVROXWLRQ# PHWHRURORJLFDO# LQSXWV/
HQKDQFHG# HVWLPDWHV# RI# IXWXUH# ODQG0XVH
SDWWHUQV# +UHIOHFWLQJ# JURZWK# RI# XUEDQ# DUHDV/
FKDQJHV# LQ# WKH# LQWHUVWDWH# WUDQVSRUWDWLRQ
QHWZRUNV/#HWF1,1

ü 8VH#RI#DQ# LQWHJUDWHG#PRGHOLQJ# WRRO# IRU# WKH
VLPXOWDQHRXV# DQDO\VLV# RI# WKH# HIIHFWV# RI
HPLVVLRQV#FKDQJHV#RQ#R]RQH/#30/#DQG#RWKHU
SROOXWDQWV# +VHYHUDO# WRROV/# LQFOXGLQJ
02'(/606#DQG#8$00930/#DUH#FXUUHQWO\
XQGHUJRLQJ# GHYHORSPHQW# DQG# WHVWLQJ,1# # $
FRPSUHKHQVLYH# HYDOXDWLRQ# RI# PRGHO
SHUIRUPDQFH#ZLOO#EH#UHTXLUHG1

ü &RQWLQXHG# UHYLHZ# DQG# HQKDQFHPHQW# +DV
DSSURSULDWH,# RI# WKH# PHWKRGRORJ\# IRU# WKH
FRPELQHG#XVH#RI#REVHUYHG#GDWD#DQG#PRGHOLQJ
UHVXOWV1
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